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( apg THESE THREE big advantages 
of using Magic-Grip sheaves on 
your machines: 


They're faster, easier to put on 

| than any other sheave made. 
Magic-Grip sheaves save labor 
cost to original equipment manu- 
facturer. And users save every 
time they mount or demount the 
Magic-Grip sheave. 


Eliminate damage to bearings 
2 and shafts encountered when 
hammering or prying ordinary 
sheaves on or off. Magic-Grip 
sheaves go on and off fast and easy. 


3 Biggest name in sheaves is Magic- 
Grip! Your customer is assured 


Servicing... Aid 


of quality when Magic-Grip 
sheaves are used on your machine. 


Best of all, Magic-Grip sheaves cost 
no more than ordinary sheaves. Sizes 1 
to 250 horsepower. 


ONE SOURCE FOR EVERYTHING 
The Texrope line offers the most com- 
plete selection of V-belts, speed chang- 
ers, and standard and variable speed 
sheaves in the industry. In addition, 
you get the extra engineering skill that 
results from having more industrial V- 
belt installations than any other manu- 
facturer. 


GET FACTS AND FIGURES 
Big 120 page Texrope Pre-Engineered 
Drive Manual 6956A lists sizes and 
dimensions of drives to fit more than 
90% of all fixed speed applications. 


Texrope and Magic-Grip are Allis-Chalmers trademarks. 


ALLIS-CHALMERS “8 == 








»oo 9aVE 
Selling! 


Handy Guide (6051) gives condensed 
V-belt and sheave information. Ask 
your Allis-Chalmers Authorized Dealer 
or Sales Office for either of these book- 
lets, or write Allis-Chalmers, Milwau- 
kee 1, Wisconsin. 


| Sold... 
Applied... 
Serviced... 


by Allis-Chaimers Authorized Dealers, 
! Certified Service Shops and Sales Offices 
| throughout the country. 
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CONTROL — Manual, 
magnetic and combina- 
tion starters; push but- 
ton stations and compo- 
nents for complete con- 
trol systems. 


A-3244 


MOTORS — 2 to 
25,000 hp and up. 
All types. 





—, PUMPS — Integral 
: 5 motor and coupled 






types from % in. 
to 72 in. discharge 














| No 


I | 


Cl 
Pi 
D 
W 
Lo 


' 


iLo 














Chicago 11 
Pittsburgh 19 
| Detroit 2 


Washington 4 





EDITORIAL STAFF 


Couin CARMICHAEL 
ditor 

Joun W. Greve, Managing Editor 

Rocer W. Botz, Associate Editor 
BenjJAMIN L. HummMeEL, Associate Editor 
Ropert R. HARNAR, Assistant Editor 
Rospert E. Deneca, Assistant Editor 
Rosemary A. Kirsko, Editerial Assistant 

Jane H. Smitrn, Editorial Assistant 

Frank H. Burcess, Art Editor 


Laurence E. Jermy, Consulting Editor 


New York B. K. Price, L. E. Browne 
Chicago Erte F. Ross 
Pittsburgh ...J. C. Suttrvan 
Detroit H. C. Tutrie 
| Washington E. C. KReuTzBerc 
London Vincent Devport 


BUSINESS STAFF 


Rosert L. HARTFORD 
Business Manager 


Mary L. CaLtauan, Advertising Service 
Jack C. Gernuarp Circulation Manager 


Chicago Howarp H. Dreyer 
. RicHarD K. Lorz 
New York Russet. H. Smirf 
Epwarp S. LAwson 

Cleveland Haroip B. Veiru 
Los Angeles F. J. FuLver 


MAIN OFFICE 


Penton Building, Cleveland 13, Ohio 
Main 1-8260 


Branch Offices 


New York 17 60 East 42nd St. 
Murray Hill 2-2581 


520 North Michigan Ave. 
Whitehall 4-1234 


2837 Koppers Building 
Atlantic 1-3211 


6560 Cass Ave. 
Trinity 5-3024 


1123 National Press Bidg. 
Executive 6849 


130 N. New Hampshire Ave. 
Dunkirk 2-1758 


2 Caxton St., Westminster 


Los Angeles 4 


London, S.W.1 


Published by 
THE PENTON PUBLISHING COMPANY 


IE. L. SHANER 
G, O. Hays 


Chairman 
President and Treasurer 
R. C. JAENKE Vice Pres., Director of Adv. 
F. G. Sremesacn . .Vice Pres. and Secretary 
R. W. COLEMAN .......... Asst. Treasurer 


Also publisher of Street * Tue Founpry 
New Equipment Dicest 


Published on the seventh of each month. 
Subscription in the United States and posses- 
sions, Canada, Cuba, Mexico, Central and 
South America: One year $10. Single copies, 
$1.00. Other countries one year, $15. Copy- 
right 1951 by The Penton Publishing Com- 
pany. Acceptance under Act of June 5, 1934. 
Authorized July 20, 1934. 


an & oa 





DESIGN FOR PRODUCTION + STYLING + MATERIALS SPECIFICATION + DESIGN ANALYSIS * MACHINE COMPONENTS * ENGINEERING MANAGEMENT 


MACHINE DESIGN—January, 1951 








MACHINE DESIGN 


Vol. 23—No. 1 


To Engineers—An Opportunity and a Challenge (Editorial) 


Dictating Machines—engineering problems in their design 
By Lincoln Thompson 
Scanning the Field for Ideas 
Individual electric drives—diaphragm plating— 
transmittal of pressure data—mechanical bonding 
Designing a JATO Engine 
By W. L. Rogers 


Automatic Precision Balancing—with three-ball unit 
By Hans Ernst 


Splined Positive Lock—provides extremely fine adjustments 
By Thomas Barish 


Designing Taper Involute Splines bas oe Dee ee ae bie ane 


Contemporary Design .. Mss oe allen 


Developments in printing equipment 


Designing for Shock Resistance—Part 2 
By Charles E. Crede and Miguel C. Junger 


Graphical Analysis of Axially End-Loaded Beams 
By H. D. Conway 


Prestressed Springs—offer unique design characteristics 
Costs Set by Drawing Specifications (Production and Design) ....... 


Strain Gages in Design 
By Sergei G. Guins 


Designing Spur and Helical Gears for Durability (Data Sheet) 
By Harold M. Durham 


Design Abstracts 


Friction for transient conditions—investment casting 


Over the Board ........ 4 News of Manufacturers 
Topics ....... seseeeees 86 Society Activities ......... 
Men of Machines ......... 155 ° 
| d P Rt. 

New Parts and Materials ... 157 Sune Se Se 
Helpful Literature . , 169 Sales Notes .............-. 
Noteworthy Patents ... 172 Meetings and Expositions . . 
The Engineer’s Library . 178 New Machines ........... 

Itemized Index ............ 7 


89 


90 


102 


107 


115 


117 


122 


131 


137 


141 


143 


145 


149 


153 


194 
202 
206 
216 
220 
226 





THE PROFESSIONAL JOURNAL FOR ENGINEERS AND DESIGNERS 


January, 1951 








3 





































Introducing Ourselves 

In the course of our travels each 
of us en MACHINE DESIGN'S edito- 
rial staff vicits annually not more 
than a few hundred of you, our 
66,000 readers. With most of you, 
therefore, we have no opportunity to 
get acquainted, to talk about your 
problems and ours, to swap stories 
in short, to chew the rag over the 
board. 

Te help overcome this lack of per- 
sonal contact we are introducing this 
page of informal comment. Here 
each month we shall try to give you 
glimpses into our editorial workshop, 
tell you something about how a tech- 
nical jeurnal like MACHINE DE- 
SIGN is put together, how certain 
articles and features come into be- 
ing. We shall also tell you about 
our authors, about our other readers, 
and even about ourselves, the edi- 
tors. We hope you will like it. 


This Month's Cover 

Did you ever look inside a modern 
dictating machine? One time when 
our own office equipment was be- 
ing serviced we were amazed at the 
intricate and colorful components 
nested in a compact array inside a 
magnesium housing. To show you 
what we saw, Jack H. Stock made 
the color photograph which is re- 
produced on the cover of this issue. 
Naturally, it became the subject of 
the article beginning on Page 90. 
Although not all MACHINE DE- 
SIGN articles take so long to develop, 
it is noteworthy that almost a year 
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of conferences with the author, gath- 
ering additional data, taking more 
pictures, and revising the manu- 
script were required before we felt 
the article told the story you would 
want. 


Return Postcards 

We haven’t checked this, but we 
would be surprised if MACHINE 
DESIGN doesn’t hold some kind of a 
record for the number of return post- 
cards included in each issue (see 
opposite Pages 32, 152 and 168). The 
November and December issues in- 
cluded a single card on which you 
could request extra copies of articles 
in the editorial section. Your re- 
sponse has indicated a real apprecia- 
tion of this service, and to meet the 
needs of our multiple readership we 


are providing three cards in this 
issue (opposite Page 152). We are 
printing enough “overruns” of the 


editorial section to meet expected 
Gemands. If we start running out 
of stock because of your requests, 
we'll print more in the future. 


New Parts and Materials 

For some time we have felt the 
need for announcing new parts and 
materials more effectively—-in a 
manner more directly useful to you. 
The outcome of our thoughts along 
this line is now in the third month 
of its trial run, and begins on Page 
157 of this issue. Use of a data- 
sheet approach giving parallel de- 
sign information on all standard 
machine components and materials 
will, we hope, prove to be the best 
answer to the designer’s need for a 
quick, accurate reference. Then, too, 
these small data sheets can be pasted 
on cards to create a rather com- 
plete, self-indexing file on standard 
components and materials. 


\ 


In developing this new presenta- 
tion we have become extremely con- 
scious of the shortcomings of the 
conventional approach—the missing 
data and the ambiguities. Consider- 
able followup has been necessary to 
insure completeness and accuracy in 
each item. If you like this novel 
approach—or if you think it could 
be improved—why not drop us a 
line ? 


Strain Gages 

Strain gages are usually thought 
of primarily as elements for measur- 
ing strain in stressed machine ele- 
ments. However, when we found 
that Sergei Guins of the C. & O. rail- 
way’s research department was ob- 
taining directly applicable design in- 
tormation by using strain gages to 
measure deflections and movements 
on operating railroad equipment we 
felt sure that here was a really prac- 
tical innovation with great poten- 
tialities. Obtaining measurements 
of any kind aboard a moving train 
is vastly different from the same 
job in a nice clean, quiet lab. Our 
hats are off to Sergei for his per- 
severance, the results of which are 
reported for your benefit in his ar- 
ticle beginning on Page 145. 


A Personal Problem 

As part of our continuing study 
of the major problems of design eh- 
gineers we've been asking you a lot 
of questions via the U.S. mails. A 
recent questionnaire listed several 
subjects such as cost reduction, ma- 
terials substitution, better appear-4 
ance, reduced weight, and the like, 
with a request that you check those i 
items of greatest immediate concern 
to you. One reader checked weight 
reduction, which he said was purely 
a personal problem! 
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A BETTER BEARING 
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The know-how 

of bearing making 
‘cant be found 

in Dooks. 


It's been accumulated 


at New Departure 
for generations 
like folk lore. 
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iTEMIZE D 


Classified for convenience when stuclying specific design problems 


Design—General 


Balancing, automatic three-ball, Edit. 
107 

Beams, axially end-loaded, graphical 
analysis, Edit. 137 

Dictating machine, Edit. 90 

Drive, independent wheel, Edit. 99 

Friction, transient conditions, Edit. 
153 

Gears, durability (Data Sheet), Edit. 
149 

Investment casting, Edit. 154 

JATO engine, Edit. 102 

Molded plastic, cost reduction, Edit. 
143 

Shock resistance, Edit. 131 

Splined lock, adjustable, Edit. 115 

Splines, taper involute, Edit. 117 

Springs, prestressed, Edit. 141 

Strain gages in design, Edit. 145 

Swaging, cost reduction, Edit. 144 


Engineering Department 


Equipment: 

Experimental, Edit. 100, 145 
Supplies: 

Drafting room, Adv. 192, 225 


Finishes 
Electroplating, Edit. 100 
Materials 


Brass, Adv. 87 

Carbon and graphite, Adv. 16 

Copper alloys, Adv. 87 

Felt, Adv. 82, 223 

Magnesium alloys, Adv. 179 

Nickel alloys, Adv. 248 

Plastics, Edit. 143, 164; Adv. 37, 47, 
197 

Powder metal, Adv. 74, 195 

Rubber and synthetics, Edit. 158; 
Adv. 24, 32, 163, 165, 172, 232 

Stainless steel, Adv. 8, 71, 84 

Steel, Adv. 55, 239 


Parts 


Axle assemblies, Adv. 236 
Balls, Adv. 240 
Bearings: 
Ball, Adv. 6, 49, 70, 168, 194, 227 
231, 24’ 
Needle, Adv. 181 
Roller, Adv. 49, 79, 161, 168, 191, 
231 
Sleeve, Adv. 54, 159, 207, 247, 257 
Bellows, Edit. 157; Adv. 235 
Belts, Adv. 10, 50, 51, 185, 250 
Brakes, Edit. 172, 175; Adv. 2:5 
Brushes, power, Adv. 182 
Carbon and graphite parts, Adv. 17 


Casting: 
Centrifugal, Adv. 253 
Investment, Edit. 154; Adv. 250 
Permanent mold, Adv. 210 
Sand, Adv. 13, 31, 54, 210 
Chains: 
Roller, Adv. 19, 26, 40, 78 
Silent, Adv. 78 
Clamps, Adv. 246 
Clutches, Edit. 86, 172, 176; Adv. 173, 
221, 242, 244 
Collars, Adv. 238 
Controls (see Electric, etc.) 
Counters, Adv. 75 
Couplings, Edit. 162, 164, 165, 175; 
Adv. 77, 78, 173, 180, 189 
Cylinders, glass, Adv. 252 
Drives, adjustable-speed, Edit. 99; 
Adv. 211, inside back cover 
Electric accessories, Adv. 61, 245 
Electric controls: 
Actuators, Edit. 158 
Circuit breakers, Adv. 43 
Connectors, Adv. 198 
Contactors, Edit. 160; Adv. 174 
Control assemblies, Adv. back cover 
Electronic, Adv. 42 
Rectifiers, Ad. 61, 229 
Relays Edit. 158; Adv. 88, 167, 175, 
183, 209 
Solenoids, Adv. 61 
Starters, Adv. inside front cover, 
60, 81, 203, 204 
Switches, Edit. 164, 166; Adv. 204 
Thermostats, Adv. 201 
Timers, Adv. 234 
Electric motors: 
Fractional hp, Edit. 160, 167; Adv. 
inside front cover, 1, 53, 63, 65, 
69, 72, 215, 245 
Integral hp, Edit. 99; Adv. inside 
front cover, 15, 21, 61, 65, 212, 
215, 245 
Engines, Edit. 102; Adv. 222 
Fasteners: 
Blind, Adv. 14 
Insert, Edit. 162 
Locking, Edit. 162; Adv. 39, 51 
Nuts, bolts, screws, Adv. 28, 35, 80, 
83, 184, 190, 214, 220 
Pins, Adv. 213, 247 
Feeders, vibratory, Adv. 229 
Felt parts, Adv. 82, 223 
Filters, Adv. 187 
Fittings, Edit. 86; Adv. 38, 77 
Forgings, Adv. 59, 248 
Gears, Edit. 124, 149; Adv. 11, 20, 
226, 234, 242, 248, 251 
Hydraulic equipment: 
Boosters, Adv. 67 
Cylinders, Adv. 56, 66, 224, 237, 
238, 245 
Motors, Adv. 243 
Pumps, Adv. 177, 188, 237 
Systems, Adv. 9, 58, 249 


Valves, Edit. 157, 160, 162; Adv. 41, 
56, 237, 244, 249, 251 
Insulation, Edit. 166 
Joints, Edit. 162; Adv. 200, 249 
Lubrication and equipment, Edit. 166; 
Adv. 23, 202, 206, 260 
Machined parts, Adv. 236, 249 
Mechanical controls, Edit. 124, 131, 
158 
Motors, (See Electric motors) 
Mountings. vibration, Edit. 162; Adv. 
205 
Pins, dowel, Adv. 244 
Piping, Adv. 38 
Piston rings, Edit. 158 
Plugs, Adv. 249 
Pneumatic equipment: 
Boosters, Adv. 67 
Compressors, Edit. 121, 162; Adv. 
240 
Cylinders, Adv. 56, 199, 224, 238 
Motors, Adv. 240 
Valves, Edit. 157, 166; Adv. 56, 244, 
249 
Powder-metal parts, Adv. 195 
Pumps (see also Hydraulic and Pieu- 
matic), Edit. 166, 174; Adv. inside 
front cover, 25, 188,.226, 243, 256 
Rings, retaining, Adv. 57 
Rubber and synthetic parts, Adv. 10, 
24, 32, 76, 163, 172, 230 
Seals, packings, gaskets, Adv. 2, 5, 
18, 22, 29, 30, 32, 62, 171, 178, 186, 
208, 219, 228, 229 
Shafts, flexible, Adv. 253 
Shapes, special, Adv. 239 
Sheaves, Adv. inside front cover 
Speed reducers, Edit. 160, 167; Adv. 
196, 250 
Spindles, grinding, Adv. 36 
Springs, Edit. 141; Adv. 52 
Sprockets, Adv. 19, 78 
Stampings, Adv. 48 
Transmissions, variable-speed, Edit. 
157 
Tubing: 
Flexible metallic, Adv. 12, 233, 246 
Seamless, Adv. 46, 64, 68, 241 
Welded, Adv. 46, 217 
Universal joints, Edit. 165; Adv. 242, 
246 
Valves (see also Hydraulic and Pneu- 
matic), Edit. 160, 164; Adv. 38, 218, 
243 
Vibrators, Adv. 229 
Wire and wire products, Edit. 160; 
Adv. 176 


Production 


Balancing, Edit. 107 

Inspection, Adv. 44 

Machines, special, Edit. 122, 124 126; 
Adv. 74 

Welding equipment, Adv. 50, 193 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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@ And what a torture chamber—this 
1200-pound, J-34 axial turbo-jet! High- 
temperature gases roar from this inferno 
at 1,200 m.p.h. It develops a ton-and-a-half 
jet thrust—and packs 100 tons of air into 
the compression chamber every hour. 


Obviously, only super-metals can survive 
the ordeal—can stand the gaff and continue 
to come through. Among them is stainless 
steel. Here in rotor compression blades, it 
whirls at 12,500 r.p.m. Here, too, in baffles, 





Aeronautical advance—with accom- 
panying fierce heats, high pressures, 
fanta:tic speeds—calls for super- 
metals capable of self defense from 
several directions at once. Such a 
metal is ENDURO Stainless Steel 
—one of aero-engineering’s keenest 
and most useful tools! 





oo SURVIVES *HE TORTURE CHAMBER 


shrouding bands and nozzle diaphragm 
assemblies it fights both terrific heat and 
tremendous pressure. 


That ENDURO Stainless Steel can take it 
is no surprise. Being an alloy steel, it 
possesses great strength and ruggedness. 
Its strength-to-weight ratio is extremely 
high — its rust- and corrosion-resistance 
correspondingly great. 


BUT—are you making full use of its 
capabilities? May we tell you more? 


Weneck ALL 12 ADVANTAGES: Rust- and Corrosion-Resistance ¢ Heat-Resistance 


® High Melting Point ¢ Low Coefficient of Expansion e High Strength e Good Dimensional 
Stability © No Metallic Contamination © Easy to Clean e Easy to Fabricate « Eye Appeal e 
Long Life e Low End Cost ¢ What more can be desired in a material? 


For Complete Details Write 


REPUBLIC STEEL CORPORATION 


Alloy Steel! Division, Massillon, Ohio « GENERAL OFFICES, CLEVELAND 1, OHIO © Export Dept.: Chrysler Bidg., New York 17, N.Y. 
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Tell your supplier the exact purpose 
y the Stainless Steel is intended for and 
how you plan to fabricate it. Then you 


will get the right steel for the job. 


__.__| Minimize your scrap losses by ordering 


the sizes that will cut to best advantage. 


\_/ Indicate, if possible, acceptable alternates 
in composition, gage, size and finish . . . 


it may speed up deliveries to you. 


[— SUGGESTIONS for conserving Stainless Steel are made to assist 
you during the difficult period we face today. The withdrawal of large tonnages of 
Stainless Steel—vital for rearmament—make it imperative that supplies of Stainless 
available for non-military use be made to go as far as possible. This can’t be done 
without the close cooperation of everyone concerned—the steel producer, the steel 


supplier, and you, the steel user. 
AMERICAN STEEL & WIRE COMPANY, CLEVELAND + COLUMBIA STEEL COMPANY, SAN FRANCISCO 


NATIONAL TUBE COMPANY, PITTSBURGH ° TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM ° UNITED STATES STEEL COMPANY, PITTSBURGH 
UNITED STATES STEEL SUPPLY COMPANY, wW...EHOUSE DISTRIBUTORS, COAST-TO-COAST + UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U°-S°S STAINLESS STEEL 


SHEETS + STRIP + PLATES - BARS - BILLETS - PIPE - TUBES - WIRE - SPECIAL SECTIONS 











NS t.F..8'°8 SF A Fees > F 8.3: t 
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EVERSIBLE MAGNETIC - CLUTCH 
transmission has been developed by Vick- 
ers Electric Div. Utilizing dry iron and graphite 
particles suspended in oil, the clutch forms a 
rigid connection between driving and driven 
members when current is applied. In the re- 
versible transmission two separate electromag- 
netic coils control the action of two intermediate 
gears. Exciting one coil produces forward mo- 
tion of the output shaft; the other, reverse mo- 
tion. Different speeds in the two directions are 
possible. Also, the system can be designed to 
give two different speeds in the same direction. 


HIGH PRESSURE intensifiers, pipe and fit- 
tings capable of handling up to 200,000 psi have 
been developed by the Harwood Engineering 
Company. By a modification of the autofret- 
tage principle used in ordnance manufacture, 
compressive stresses are introduced to counter- 
act high tensile stresses developed in compo- 
nents of high-pressure equipment. For added 
strength and toughness, heat-treated double- 
tempered alloy steels of the nickel-chromium 
and nickel-chromium-molybdenum types are 
used. 


PROCESS FOR BRIGHTENING ALUMINUM 
and its alloys with a low-concentration acid 
bath was recently announced by the Kaiser Alu- 
minum & Chemical Corporation. The process is 
finding application in brightening mill-finish 
sheet, brightexing articles for anodizing and 
coloring, increasing total reflectivity of buffed 
articles, and brightening articles without buff- 
ing. 


SIMULATED CORROSION TESTS have no 
correlation with actual corrosion found under 
any circumstances. According to F. L. LaQue 
of the Inco Harbor Island Corrosion Testing 
Station, there is also no indication of relative 
merit among various metals concerning their 
corrosion resistance. Tests over the last 15 
years show that actual environmental conditions 
only will give useful results. 


NEW REGULATOR, known as a microsyn, 
provides regulation in infinitesimal steps. Basic 
idea for the device originated at MIT and devel- 
opments were extended by the Westinghouse 
Electric Corporation. A microsyn can produce 





over a range of plus or minus ten degrees with 
an angular sensitivity of 20 seconds, can pro- 
duce torque that is linear with the square of 
signal current, or it can act as an elastic re- 
straint g-nerator, producing torque proportion- 
al to the product of angular displacement and 
the square of current. 


COOLANT EFFICIENCY is increased by the 
addition of minute quantities of a new wetting 
agent developed by the Aquadyne Corporation. 
Known as Hydrodyne, it utilizes the basic prin- 
ciple of “wet water” in reducing the interfacial] 
tension of the coolant. It permits the coolant 
to make intimate contact with working surfaces 
and to dissipate heat more rapidly. 


800,000 REVOLUTIONS PER SECOND is the 
speed attained with steel rotors of about 0.01- 
inch diameter on centrifuges with magnetic sus- 
pension. 


FIRST ALUMINUM SHIP of all-welded con- 
struction was launched recently by the Navy. 
First of a group of four in a new 95-foot PT 
class, the ship has a beam of 25 feet, a standard 
displacement of 75 tons, and four torpedo tubes. 


STAINLESS STEEL rolled at —300 F ex- 
hibits significant improvement in physical prop- 
erties according to a report of co-operative 
studies conducted by Crane Company and West- 
inghouse Electric Corporation. A combination 
of preparatory heat treatment, subzero work- 
ing, and subsequent high temperature aging 
was found to give increased hardness and 
strength. Proportional limit was doubled; also, 
torsional yield stress and fatigue strength were 
increased by about one half. 


GREASES with an effective lubricating range 
of —65C to 250C have been developed by the 
Naval Research Laboratory in co-operation with 
industrial organizations. Copper phthalocya- 
nine, a brilliant blue organic chemical used to 
gel the lubricant fluids, is the key to the new 
greases. Service at 250C is possible because of 
a fluid silicone base. Lifetime lubrication of 
electric motors and extended shelf life of equip- 
ment are expected advantages. 
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‘Good Enough 


@ Sometimes a routine laboratory procedure finds 
ways to make improvements even when everything 
already is “completely satisfactory”. In fact, that is 
one of the main reasons for carrying out laboratory 
routines. 


A case in point is the Decorative Polished Brass 
Fire Lighter produced by Peerless Manufacturing 
Corp., Louisville, Kentucky. 


Here is a product that was rolling down the pro- 
duction line and on into homes all over the country. 
The consumers were satisfied and Peerless was pleased 
with the appearance of its product. There were no 
troubles. Nevertheless, the Revere Technical Advisory 
Service was asked to study the polishing methods and 
find out if even better procedures would be advan- 
tageous. 


Just as a routine procedure our laboratory men cut 
up several of the partly drawn “Pots” and checked 
on the gauge diminution caused by drawing. The 
“Lab. Men” are continually doing things like that 

. Studying the successful products in order to pile 
up data which may be useful when they run into a 
“problem” product. 
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Revere Brass of carefully controlled grain sizes is used in the 
Andirons, the Fire Lighter, the Lighter Cover and the Torch Handle. 


They found that with a different drawing sequence 
the draws, although still deep, could be made less 
severe. The new drawing sequence would permit the 
use of smaller grained metal. The smaller grain would 
make polishing easier, even though the product as 
it went out into the market could have wo more than 
the same highly polished beauty it always had. 


By testing to find if it could get one cost saving, 
this company got two. 


Perhaps you also are thinking in terms of one slight 
improvement when two or more are readily available. 
The Revere Technical Advisory Service offers the 
laboratory routines which will find out. If you use 
copper, brass, bronze, aluminum, nickel silver—any 
alloy which Revere can make—just get in touch with 
the nearest Revere sales office. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago and Clinton, IIl.; 
Detroit, Mich.; Los Angeles and Riverside, Calif.; 
New Bedford, Mass.; Rome, N. Y. 

Sales Offices in Principal Cities, Distributors Everywhere. 








RELAYS BY GUARDIAN 


RESOLVE IN 1951 to improve your products... especially radio, 

armament and power units coming under government contract. Let 

Guardian, No. 1 supplier of improved electrical controls, produce single 

units or complete control assemblies for you ... in quantity. Guardian 

GOVERNMENT APPROVED CONTROLS will insure smooth, sat- 
Screw Terminal isfactory performance. 


ts reece The Series 335 D. C. Relay shown above, is typical of Guardian units built to the 
rigorous standards of aviation relays. Furnished open, or with a variety of 
HERMETICALLY SEALED housings. 


New Hermetically Sealed Relay catalog 5-H is yours for the asking. 


OF 


Series 595 D.C. Series 210 A.c.—215 D.C. ia Onis 220 A.C. Series 695 D.C. : Series 610 A.C.—615 D.C. 
Write — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 


GUARDIAN (ELECTRIC 


1601-A W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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To Engineers—An Opportunity-and a Challenge 


i "ee NCREASING concern is being voiced today over the scarcity of men 

: ee competent to assume executive responsibility in industry. Why? 

"™""" Because the complexity of modern industrial operations demands 

managers with a high level of technical ability and experience who are 
also trained to cope with economic and human problems. 

Who will fill these jobs? There seems to be only one good answer, 
inasmuch as a man trained solely on the business side—well versed though 
he may be in the solution of economic and human problems—stands only 
a slim chance of acquiring a real understanding of technical problems. 
The final choice must rest on the engineer, in spite of his reputed absorp- 
tion with technical problems to the virtual exclusion of other aspects of 
our industrial economy. 

By the very nature of their work engineers are specialists. As Bruce 
Wallace has pointed out, they have concentrated their efforts on 10 to 15 
per cent of the sales dollar—and done a marvelous job of making more 
goods available at lower costs. But many of them need to broaden their 
scope and realize the tremendous opportunities that exist for them in the 
control of that other 85 to $0 per cent of the sales dollar—in top manage- 
ment. No group of people in industry is better trained than the engi- 
neers to solve complex problems that require careful analysis, complete 
understanding, unbiased reasoning, and the ability to express their find- 
ings in unmistakable language. 

How can an engineer hitherto concerned primarily with technical prob- 
lems broaden his horizons? Embarking on a campaign of self-education, he 
can look beyond his concentration on a specialized field, begin to learn 
about the overall operation of business in general and his own company’s 
business in particular—such problems as labor relations, wage incentives, 
cost control, budget systems, financing, and the essentially human prob- 
lems of how to keep up production and deliveries in the face of supply and 
labor difficulties. Complete familiarity with and understanding of these 
fields plus sound engineering competence and experience add up to an un- 
beatable combination. With sufficient engineers possessing these assets 
there should be no difficulty in filling top management jobs with top- 


flight managers. 
hk: Pes Lael 
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OMPLEXITY of all kinds of transactions and 
communications have made office costs increas- 
ingly larger. Accordingly, management is be- 

coming more aware of the need for increase in effi- 
ciency, elimination of waste and reduction of unpro- 
ductive effort. As a result, greater and greater em- 
phasis is being placed on all methods of time-saving 
in office procedures, particularly mechanization. Dic- 
tation machines are an important contribution both 
as a means of writing letters and as an executive aid. 
Saving of executives’ time, saving of secretarial time, 
and providing the ability to put down thoughts as 
they come are important characteristics of a dictat- 
ing system. 

The designer of dictating machines must have be- 
fore him at all times the concept that they are the 
production machines in the office. He must solve 
many unusual and interesting problems to provide 
more convenient operation, better cldrity and effi- 
ciency, increased durability, greater flexibility of use, 
and more safeguards to produce better results. All 
of these features are to be contained within attractive 
appearing enclosures whose bulk and weight must be 
kept at a minimum. 

In 1940, SoundScriber Corp. introduced plastic- 
record instruments which successfully combined elec- 
tronic amplification and tne use of a thin, plastic 
record with long playing time. In designing the new 
models for recording and transcribing, shown in the 
head illustrations, the objective was to provide 
designs which would fully realize the poten- 
tialities of the plastic record and combine them 
with improvements in electronic, mechanical, op- 
tical and recording art. An example of the thorough- 
ness of the approach was the motion analyses which 
were made of operations such as taking off and put- 
ting on the record. Fortunately, the many elements 
of the overall problem could be separated into dif- 
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By Lincoln Thompson 


Vice President 
The SoundScriber Corp. 
New Haven, Conn. 


ferent independent projects which could be developed 
separately and then put together as the research and 
design progressed. Accordingly, the design back- 
ground can be stated as a series of problems and 
their solutions. 

The major elements of a dictation recorder are: 


1. Mechanical drive system, including mechanisms 
for instant start and feed 

2. Talk and listen-back features, including the mic- 
rophone 

3. Time scales and indexing systems for stylus lo- 
cation and for indication of length of letters, cor- 
rections, and special information 

4. Electronic system comprising the amplifier con- 
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..- designed for foolproof operation, con- 
venience in use, lightweight and compact 
construction and pleasing appearance 


trols and the recording and playback heads 
5. Put-on, take-off and general record handling fea- 


tures 

6. Special warnings and safeguards to assure free- 
dom from trouble at the transcribing end with a 
minimum of attention by the dictator. 


These elements find their counterparts in the trans- 
criber, which is the end point of the dictating opéra- 
tion, and include: 


1. Mechanical drive system, including mechanism for 
both instantaneous start and instantaneous stop 
by remote control 

2. Backspace by remote control for repeating missed 


words 


Fig. 1—Cutaway section of the 
capacitor type, fast-starting 
drive motor gearbox exposes 
the reduction gears which re- 
duce the speed to 33-1/3 rpm 
for direct connection to the re- 
cording turntable. Beside the 
motor are shown a gearbox 
cover and bearing assembly, 
a 33-1/3 rpm gear, a motor 
armature and worm, a flexi- 
ble coupling, and a turntable 
spindle and worm 
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3. Time scale and interpretation system for quick de- 
termination of letter length, corrections, and spe- 
cial information 

4. Electronic system comprising the amplifier, lis- 
tening devices, and playback 

5. Special warning and safeguards to assure trouble- 
free transcription. 


Since the two machines comprise a system, it is 
difficult to separate them, and often a feature is pro- 
vided on the recorder which has no function except 
for the result it produces on the transcriber. This 
resulted in a series of problems each of which’ often 
could be solved separately and each solution, com- 
bined with other solutions, were co-ordinated into the 
final equipment. 


MECHANICAL DRIVE: This problem involved design- 
ing a system to give maximum fidelity in a minimum 
space with simple construction, low maintenance and 
ease of operation. 

SoundScriber developed a small capacitor motor 
back-geared with a worm drive to 33 1/3 rpm with 
the worm drive facilities cast in the lightweight mo- 
tor casting, Fig. 1. This small motor is designed for 
a fast start of the record equal in effectiveness to 
that of a clutch, and thereby eliminates the need for 
the usual continuously running motors up to the 
clutching point. With built-in gearing on the mo- 
tor, sealed-in lubrication of bearings and gears are 
provided. The drive is mounted as a single unit ob- 
viating belts or other speed-reduction devices, Fig. 2. 
A flexible membrane type of coupling connects the 
turntable spindle with the slow-speed shaft, and this, 
together with soft spring supports for the motor, 


91 





eliminate vibration from reaching the recording, 
Fig. 3. 

This gives the speed-stability characteristic to the 
turntable which, incidentally, is the heaviest single 
casting in the machine and the only zinc diecasting. 
A phenolic top shell is supported on a rubber ring 
cemented to the heavy casting below to give addi- 
tional vibration filtering. This two-section structure 
also provides a hard, smooth surface to support the 
record and resist the downward pressure of the em- 
bossing stylus. Nevertheless the resilient support 
under this hard surface dampens spurious vertical 
movements of the recording stylus, Fig. 4. 

Conventional recorder feed mechanisms have util- 
ized feed screws usually cut with a buttress thread 
and engaged by a half nut. Such constructions are 


difficult to enclose and the feed screw requires oc- 
casional adjustment for end play. The system used 
in this recorder employs two worm gears, one of 
which is engaged with the center spindle and the 
other at the axis of a radially-swinging recording 
arm, Fig. 5. This structure is completely sealed in 
grease where it is free from dust and dirt and never 
needs adjustment. To get “tangential’ line-up of the 
stylus with the groove, the head of the recording 
arm (and the playback arm as well) is offset in the 
conventional phonographic manner, Fig. 4. 

This feed and drive system permits complete seal- 
ing of all parts and is an interesting series of speed 
reductions, Fig. 2. The first reduction is from 1750 
to 33 1/3 rpm on the slow-speed turntable shaft. The 
second reduction is also a worm and gear reducing 
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the speed of the intermediate shaft between the turn- 
table spindle and the recording arm axis to 2/3 rpm. 
The third reduction at the axis of the recording arm 
reduces the rotational speed of the recording arm as 
it feeds to about one revolution every three hours. 
Obviously, with these slow-speed elements, all sealed 
in grease, wear is not a factor. A trouble-free, wear- 
free, mechanical mechanism is produced by such a 
system. 


Transcriber Playback ts Free-Floating 


In the transcriber, the mechanical drive system is 
similar excepting that there is no feed system re- 
quired. A free-floating playback arm, as used in high- 
quality phonographs, is employed. Refinements — 
making this arm of extremely lightweight design to 
have low inertia, with lateral counterbalance to per- 
mit off-level operation (as much as 45 degrees), and 
with a novel spring arrangement to compensate for 
frictional forces between stylus and disk—free the 
stylus from unnecessary work in propelling the arm, 
Fig. 6. This gives high fidelity reproduction char- 
acteristic of a free-floating playback, allows for 
simple and accurate backspacing because side play in 
the mounting of the head is eliminated, and provides 
ability to track across indexing spirals to be men- 
tioned later. 

The transcriber must have an instantaneous stop 
as well as an instantaneous start. Otherwise, there 
will be loss of words in transcribing. On the record- 
er, a short coast is not at all undesirable and any 
harmful effects are eliminated by having the sound 
cut off during the short coasting period of the motor. 
Start-stop on the transcriber, however, is accom- 
plished simply by utilizing the same turnable and 
center spindle drive system as on the recorder but by 
supplying the top surface of the heavy turntable with 
a felt ring on which is supported the same light 
phenolic turntable shell as used on the recorder. How- 
ever, in this case the phenolic turntable Shell is en- 
gaged by a brake shoe which holds it from turning 
when the brake is magnetically applied by actuation 
of the typist’s switch. When released for starting, 
the shell gains full speed immediately. The extreme- 
ly light weight of this phenolic shell gives indefinite 
life to the felt surface and as close to an instantane- 
ous start-stop as possible. 


Controls Are Simplified 


PLAYBACK: The second major problem required 
provisions for a simplified listen-back system, elim- 
inating irritations that cause loss of thought due to 
distracting operator manipulation. 

The dictating machine must have a start-stop, 
whether it be on a hand microphone, a foot control, 
or some form of hand control, because the operator 
requires time intervals to think and the record must 
be stopped during these periods. A study of the listen- 
back process revealed that there are really two dif- 
ferent kinds of listening. The first is the type of lis- 
tening baek which the dictator does in order to re- 
call his last words after interruption (quick review). 
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Lens and slit 





Fig. 4—Recorder time scale system. Cutaway section of the 
recorder turntable shell exposes the heavy cast-zinc turn- 
table and the sponge rubber ring on which the shell rests. 
Position of the arms is indicated on the translucent scale by 
vertical beams of light originating from a lamp, lens and 
slit assembly and reflecting from mirrors to focus on the 
scale screen. Mirrors are driven by the arms, causing the 
light beam to register position on the scale 


The second is when he wishes to listen back to earlier 
paragraphs for purposes of reviewing the complete- 
ness of his dictation or editing. 

It has been conventional practice to have the re- 
cording stylus and playback stylus mounted in the 
same moving assembly and separated by a distance 
equal to a few grooves. For playback, a control on 
the recorder lifted the recording stylus, lowered the 
playback stylus, and simultaneously selected the 
proper circuits for playback or recording. In lift- 
ing the recording stylus from the record, the groove 
was interrupted and these breaks in the groove have 
always been responsible for a fair percentage of the 
trouble experienced in transcribing. This system fur- 
ther gave no adjustability of the amount of this quick 
review to the listener’s habits. 

A novel system was devised to overcome these dif- 
ficulties based on having the recording and playback 
heads completely separated and independent. By 
having both recording and playback styli on the 
record at the same time with an adjustable amount of 
trailing of the playback stylus, listening to the last 
words requires only the selection of necessary cir- 
cuits controlled remotely at the microphone. Fur- 
thermore, the recording groove is not interrupted by 
this quick review process since the recording stylus 
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is not lifted. Blank unrecorded grooves are created 
while listening instead of the equal amount of un- 
grooved blank area resulting if the stylus were lift- 
ed. The electrical actuation of the talk-listen cir- 
cuits from the microphone itself frees the dictator 
from the need of touching the machine at all in order 
to recall the last words he had spoken. This actua- 
tion requires an additional switch on the microphone 
called the quick review switch, shown in Fig. 7. To 
play back last words (quick review) the dictator 
pushes in the button and pulls it down, thus actuat- 
ing the “quick review” switch. On returning to dic- 
tate, he presses in the normal manner. Thought is 
an extremely transient thing and the ability to im- 
mediately resume dictating after listening back with- 
out distracting movements has proved extremely 
valuable. 


This same general system lends itself very well to 
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Fig. 5—Drive for record- 
ing and playback arms 


Friction disk 


hema nibs ananiias 
arm during long play- 
back periods 


box cover 


the second type of listen-back in that the separate 
recording head can be locked in position when it is 
lifted from the disk for a long listening period. When 
the dictator is through listening, he turns the talk- 
listen knob to “talk” and the recording stylus re- 
turns to the record in the correct place without the 
usual precautions to avoid the hazard of recording 
over previously recorded grooves. This lift and lock 
mechanism is shown in Fig. 8. 

The means of setting up trailing and synchroniza- 
tion automatically of the styli will be discussed later. 


INDEXING: Another interesting problem was to de- 
sign magnified time scales and an indexing system 
for easy operation and foolproof transmission to the 
secretarial desk. 

Conventional systems have employed cards or slips 
which generally provided the printed time scale as 
well as a system of indexing by marking on the slips. 
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Fig. 6—Pointer arm for transcriber is geared to the play- 
back arm to provide accurate indication of stylus position. 
Brake permits instant stop and start of turntable shell 


On plastic records, the playing time is consolidated 
into a small space and this introduces special prob- 
lems of precision. The combination of slow speed of 
rotation and fine grooving results in a relatively long 
recording compressed into a small spacé, thus calling 
for considerable magnification in order to provide in- 
dexing accuracy. 


Mirrors Indicate Synchronization 


The method of producing the visible time scale 
utilizes optics. The principle of rotating a mirror at 
the axis of the arm gives the magnification needed by 
projection of a light beam on the time scale. The 
time scale, therefore, shows the position of each of 
the independent styli on the disk. This provides an 
improtant adjunct to the listen-back system because, 
when the dictator has listened back a long way, the 
two styli are out of synchronism thus destroying the 
quick-review feature. By merely moving the play- 
back arm, however, until the light beams superpose, 
synchronism is again achieved, Fig. 4. 

The light beam indexing system of magnifying and 
accurate automatic indexing emphasize necessity for 
precision since gear errors, spindle runout, errors in 
position of styli, etc., become critical. Place finding, 
indexing and backspacing problems are accentuated 
in this compact recording. Magnification and exact- 
ing precision in all the mechanical and optical parts 
provide the solutions. 

The disk record is unique in that it provides a large 
open area on which indications may be made auto- 
matically to show both length and correction signals. 
Many experiments were made with different kinds of 
pushbutton actuated markings on the disk surface, 
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Fig. 7—Above—Microphone and switches are enclosed in 

a molded plastic case. The moving coil type microphone 

also serves as a reproducer for playback. Neon lamp 
glows when controls are set for recording 


Fig. 8—Below—Mechanical chassis of the recorder is a 
complete unit and separate from the amplifier chassis. 
Recording arm lift and clamp mechanism prevents feeding 
while portions of the recording are being played back 


Recording head Lift and clomp mechanism 
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none of which proved successful until the method was 
originated of advancing the recording stylus so as to 
create small blank areas on the disk. Such spaces 
are very visible in good light with the proper angle 
of viewing, but a means had to be conceived by which 
the typist, who may have a certain hostility to me- 
chanical equipment could quickly and easily interpret 
them. The conception of a reflecting magnifying 
mirror to show the specially illuminated sound 
grooves and the blank contrasting areas against a 
scale on the typist’s transcriber provided the answer. 
Thus, the spacings indicate! |y the dictator are on 
the disk itself—wide spaces .or end of letters and 
narrow spaces for corrections——and provide a mistake- 
proof means of transmission of these indications to 
the secretarial desk. The brilliant projection of the 
images in the magnifying mirror gives the typist a 
visible system of unquestioned accuracy for locat- 
ing corrections and ends of letters. The arrangement 
of this system is shown in Figs. 9 and 10. 





Provisions for Judging Length 


The time scale on the transcribing machine is a 
mechanical scale reflected in the mirror along with 
the disk, permitting the typist to judge the length 
of letter by the length of the distance between the 
blank spacings on the disk itself. A pointer is geared 
to the playback arm by feather-touch gearing freed 
from backlash so the pointer travels across the scale 
and is reflected with it in the mirror. 

Method of producing these blank spaces on the disk 
also provided some interesting problems. It is im- 
portant that the playback stylus on the transcriber 
move from one blank area to the next smoothly and 
quickly. As mentioned before, a gear-fed playback 
would not do this. The free-floating playback, operat- 
ing in a connecting groove between the groove sec- 
tions, gave the desired result on the transcriber. 

It will be recalled that there is a transmission 


Fig. 10—Transcriber with the loading cover partially raised 

and the arms partially retracted. When the cover is down 

in the operating position, the index scale rests close fo 

the disk and is lined up with the pointer, indicating the 
exact position of the playback head 
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Fig. 11—Cutaway section of the overdrive gearbox and 
open rear gearbox exposes the parts which drive the arms 
of the recorder. Similar rotating parts are opened up in the 
foreground to illustrate the overdrive clutches and gears 
in the overdrive mechanism. Operation of the index keys 
turn the crank a gaged amount. Springs then momentarily 
take over the drive of the feed system at a 4 to 1 ratio 
above normal. The motor only paces the action 


shaft connecting the center spindle worm gear and 
the rear spindle. Into this connection a gear trans- 
mission is introduced which permits a 4 to 1 over- 
drive, Fig. 2, put in at will by pressing the proper 
key, thus giving a momentary coarse feed to the 
stylus arms and a highly visible spacing. The length 
of time that this coarse feed is applied determines 
the width of the space, so that for corrections it is 
made small, and for ends of letters it is made larger. 
For special indications, calling for typist attention 
before any other record material is played, such as for 
additional carbon copies, etc., both keys may be de- 
pressed at once making an extra large space easily 
identifiable from the other spaces. 

This transmission is shown in Fig. 11 and consists 
of an overdrive and a pacing mechanism. Depress- 
ing the end-of-letter key stores up power in a spring 
and the overdrive clutches of the roller type engage 
to overdrive until the key returns to its normal posi- 
tion. The stroke is less when the correction key is 
depressed giving a smaller spacing. When both are 
depressed the strokes are additive giving a spacing 
equal to the sum of the spacings. 


ELECTRONIC AMPLIFIER: To design an electronic am- 
plifier system for these machines required special em- 
phasis on dissipation of heat and easy accessibility, 
capable of being serviced by mechanical technicians 

The electronic amplifier is built completely in a 
lower chassis where it can be harnessed together with 
the controls. A compartmented section in the back 
separates a plug-in card amplifier which may be re- 
placed by unskilled technicians with no difficulty. 
The compartmenting of the puwer tubes confines the 
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Fig. 12—Rear view of recorder showing plug-in card am- 

plifier being replaced. Sectionalized construction of chas- 

sis isolates high opercting temperature components from 

other elements operating at low temperature. Open grilles 
provide ventilation 


main source of heat in one corner where the com- 
partments protect such elements as selenium recti- 
fiers and electrolytic condensers from heat, Fig. 12. 
This eliminates the need for continuously running 
motors to give forced ventilation, thereby preventing 
a great deal of dust and dirt from getting into the 
interior of the equipment. 

In order to further extend the mechanical principle 
of eliminating all mechanical motion or wear during 
the standby periods by the use of the motor start 
rather than a clutch system, the electronic system 
was so arranged that the start-stop relay has extra 
contacts so the tubes draw only about 20 per cent of 
normal plate current during the standby period, thus 
assuring long life of the system. 

An additional feature of interest is the muting 
switch on the transcriber which short circuits the out- 
put to the listening device whenever the brake is on, 
eliminating any extraneous hum or other noises from 
the listening device. 


LOADING FEATURES: Designing a s:s‘sm for put- 
ting on and taking off records involved ..ze problem 
of providing safeguards to facilitate use and prevent 
errors. 

In the loading, or reloading of a record on a dicta- 
tion machine, certain steps are always necessary. 
First, the recording stylus must be lifted from the 
record before it may be moved. Next, the recording 
stylus must be moved from its finishing location to 
the starting position of a new record. Thirdly, the 
record is changed, and fourthly, it is necessary that 
the recording stylus be placed against the record at 
the start of the new record. Loading a dictation ma- 
chine, including handling of index slips, has been a 
cumbersome process and one which a user has had 
to learn thoroughly to avoid misoperation of the ma- 
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chine, resulting in a poor or spoiled recording. 

The recorder is designed to make this procedure 
as simple and automatic as possible. This is accom- 
plished through the use of a hinged top cover, which, 
when it is down, serves as a protection for the record, 
in normal position. It also contains the time scale. 
By simply lifting this cover the recording stylus is 
automatically raised, the recording arm and playback 
arm are automatically returned to their respective 
starting positions, and the record is accessible for 
quick removal and replacement, Figs. 13 and 14. After 
the record is placed on the turntable, the act of clos- 
ing the cover insures that all the proper controls are 
set for recording. No manipulation of controls is 
necessary in changing records. Both time and effort 
are thus kept at a minimum. What is more impor- 
tant, perhaps, than time saved, is that loading be- 
comes so automatic that the user avoids errors which 
might either obliterate or destroy a recording, or to 
start a new recording with some misplaced control. 


Design Is Compact 


The machine is designed to use minimum desk 
space—no more than the base of the machine. Be- 
ing a “top loader”, it does not require any additional 
space or clearance for the loading operation or use. 

While 15-minute disks provide for the bulk of dic- 
tation, there is need frequently for shorter-length 
records. A 3%-inch disk gives playing time of 74 
minutes on each side and a 3-inch size plays 4 min- 
utes on each side. Both of these smaller sizes will 
go into ordinary envelopes for mailing. 

An interesting fact is that the playing time and 
sizes of these disks are so balanced that 74% minutes 
can be recorded on the 3%-inch disk and re-recorded 
or copied on the same machine on the outer area of 
a 5%-inch disk. The ability of the machine to use 
this “disk on disk” feature provides an important 


Fig. 13—Lifting the cover retracts the arms to the beginning 
position and exposes the turntable for changing disks 








facility in using these smaller disks. 

SPECIAL SAFEGUARDS: Warnings and safeguards 
were required to assure freedom from trouble at the 
transcribing end. 

A warning signal at the end of the record is funda- 
mental. It was decided that this warning should 
continue with each rotation of the turntable until the 
dictator has done something about it. The solution 
was in having a projecting portion of the turntable 
shell engage a member attached to the recording 
arm in such manner that a bell is struck at each rota- 
tion of the turntable after the 14-minute point of 
a record is reached. 

Prevention of scratching of records during loading 
or take-off has always been important. The method 
of automatically lifting and retracting the heads by 
the hinge cover at the front completely eliminates 
this possibility in ordinary use. Also, the extremely 
light pressure of the transcribing stylus makes pos- 
sible skidding it across the the sound grooves with- 
out harming the record. This provides an important 
ability to quickly scan the record to find material 
without harming the recording. 

A neon light on the microphone is arranged to op- 
erate in series with a switch section on the function 
selector at the left-hand side of the machine and the 
listen-talk selector in such manner that the function 
selector must point to “dictate” and the listen-talk 
selector must be at “talk’”’ for the neon light to be on. 
In other words, if the neon light is not on, the ma- 
chine is not ready for recording. 


Flashing Lamp Indicates Recording 


At the front of the machine is a lamp of the flash- 
light type connected across the recording head. This 
head is low impedance so that the voltages and cur- 
rents developed are sufficient to flash the light, its 
intensity varying with the intensity of the signal. Ac- 
cordingly, it serves as a good guide to the proper 
volume for dictation, having considerably more grada- 
tion than that of a neon lis It also serves as an 
indication that dictation is being properly recorded 


Fig. 14—When reloading, the cover is raised and the arms 

are lifted from the disk by the rod and retracted to the 

outside of the turntable against adjustable stops to begin 

a new recording. The bell crank is connected to the cover. 

Links and associated overtravel springs retract the arms 
to their outside stops 


Lift rod 











because it does not flash in any position other than 
normal recording. 

Another interesting feature is the method of in- 
troducing the power cord to the machine. The cord 
has two wires going into a 6-prong socket which en- 
gages a 6-prong male socket on the recorder and on 
the transcriber. The purpose of the six prongs is to 
provide connections for’ direct-current operation from 
an inverter. Turning on the one switch on the 
transcriber powers the inverter, thus eliminating the 
need for two switches. On the recorder, circuits 
are arranged so that the inverter only operates 
when the motor runs. This comes about because 
of the ac-de design of the amplifier and the need 
for alternating-current for the motor. The panel 
for these plug connections is in the bottom of 
the machine and is recessed so as to allow room for 
the plugs. The wires are brought through channels 
pressed out of the base plate, having a catch for se- 
curing the cords in place. 


Spring Eliminates “Double Talk” 


Embossed groove recording has presented special 
problems since no material is removed when the 
groove is formed and piles appear on both sides of 
the groove walls. This effectively creates a groove 
between grooves and “double talk” results if the play- 
back stylus lands in this area and gets vibratory im- 
pulses from each pile. The free-floating playback 
arm eliminates any “synchronism” between the play- 
back stylus and the groove on the transcriber and 
therefore gives far less tendency to remain in this 
“groove between grooves” than if a gear-fed playback 
were used. A forward urge by means of the com- 
pensating spring on the playback arm of the trans- 
criber causes the stylus to drift rapidly from any one 
groove section to the next even though they may not 
be joined by the characteristic grooving of the delib- 
erately produced spaces in indexing. This further 
gives a tendency to overcome a double-talk situation. 


Grooved Spacings Aid Transcription 


The continuous groove formed during the quick 
review operation is a decided asset to transcribing 
in that it eliminates a blank area. Blank areas, 
however, are produced when the groove is broken in 
the long listen-back period. This means that the 
playback stylus, in drifting across, can engage the 
first groove of the next section at any point of its 
periphery and may therefore lose some of the first 
words if they are spoken immediately by the dictator. 
To prevent this possibility, a safety or protective 
groove is automatically created on the recorder every 
time the dictator swings from “listen” to “talk”. This 
is done by the capacitative holding principle of a re- 
lay which permits the motor to continue running 
until this capacitor is discharged. The time rate is 
set for a protective groove of about one revolution. 

Solutions of the design problems, discussed, co-or- 
dinating them into a pair of attractive and efficient 
machines, have eliminated many of the annoyances 
that previously had plagued the industry. 
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individual electric drives on each wheel of the 
heavy-duty tractor for earth moving equipment, be- 
low, obviate clutch, differential and conventional 
transmission. Designed by R. G. LeTourneau Inc., 
this tractor is powered by a 6-cylinder 2-cycle diesel 
driving a direct-current generator for supplying 
power to each of the four drive wheels as shown in 
the diagrammatic phantom view below. The power 
is applied indirectly through a potentiometer type 
rheostat for precision control. Also driven by the 
engine is an alternating-current generator, in line 
with the d-c generator, for powering two steering 
motors for front and back wheels and a motor for 
operating a winch on the rear of the unit. 

Each drive wheel is suspended on ball and socket 
type bearings with drive motor, reduction gear train, 
drive gear, and wheel built as a single unit, below 
left. The d-c motors provide high starting torque, 
wide range of speed control and automatic accelera- 
tion under momentarily increasing load conditions. 
Their characteristic regenerative braking is used to 
advantage in retarding the load on grades, eliminat- 
ing the necessity for a separate braking system dur- 
ing operation. A parking brake, however, is built 
onto the motor to lock the armature when no cur- 
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rent is applied to the motor. This brake is a mul- 
tiple-disk, magnetic-release, spring - engaged unit 
mounted on the rear of the motor frame. As long as 
current is flowing in the system, the brake is disen- 

































gaged. When current is cut off the springs engage 
the brake, holding the load in positon until power is 
applied again. 

Induction motors are employed for steering and 
for the winch because of their starting, stopping and 
reversing characteristics. To obtain high starting 
torques, the motors have built-in rotor resistance in 
the form of a stamped, stainless-steel resistance bell. 
Copper rotor bars extend through the rotor lamina- 
tions, are flared outward and upward, and are welded 
to the bell. 

On the opposite end of the rotor these bars are weld- 
ed to a low-resistance iron ring. The combination pro- 
vides a variable resistance by taking advantage of 
the unusually high temperature coefficient of resist- 
ance of stainless steel. When the motor is started 
under heavy load, high induced rotor current causes 
the stainless steel bell to heat rapidly, resulting in 
a high starting torque. The effect is the same as the 
insertion of a starting resistance in a wound-rotor 


Diaphragm plating using canvas duck screens 
for the segregation of anode and cathode compart- 
ments—produces smoother plated surfaces, allows for 
higher current densities and eliminates polarization. 
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motor. In starting heavy loads, the bell actually may 
get red hot without damage to either rotor or stator 
because the heat is generated beyond the windings. 
As speed increases, air cooling reduces the tempera- 
ture of the bell, decreasing resistance and increasing 
efficiency. 

Potentiometer-controlled generator-field excitation 
is provided from the a-c generator through step-down 
transformers and selenium rectifiers. These potenti- 
ometers not only control the speed of the wheel mo- 
tors but also reverse their direction without use of 
circuit breakers. By this method it is possible to 
control the high amperages in the feeder lines by 
controlling low amperages in the field excitation, 
keeping high currents completely apart from the con- 
trols. 

In the a-c system, a constant-voltage transformer 
is in the generator excitation circuit to maintain con- 
stant voltage at the generator regardless of the vary- 
ing loads experienced during the operation cycle. 


The anode solution is pumped off, filtered and passed 
to the cathode compartment free of insolubles which 
form at the anode and ordinarily deposit on the 
work pieces. The cost of equipping for this method 
of plating, however, has been its chief drawback. 
Where size of work permits, standard tanks may be 
equipped with the unit illustrated at left. Developed 
by Automotive Rubber Co. the unit employs fabric 
sleeves sliding om rubber insulated metal frames 
which in turn slide into insulated channels with the 
cathode side or work lane protected by insulated 
woven wire guards. 


Transmittal of pressure data from various re- 
mote locations is simplified with the unit shown at top 
of next page. This transmitter is located at the source 
of pressure to be measured and is connected to an in- 
dicating or recording device: by a simple two-wire cir- 
cuit, obviating extended high-pressure lines for this 
purpose. 

Developed by Manning, Maxwell and Moore Inc., 
the Microsen transmitter employs a tuned oscillator 
circuit, the tuning of which is affected by a pressure- 
sensitive element. This element produces a mechan- 
ical balance between the applied pressure and the 
output signal. A pressure change modifies the de- 
flection of a Bourdon tube and linkage converts the 
travel of the tube tip to rotary motion of a shaft 
which is connected through a hair spring to a beam. 
Beam movement detunes the oscillator circuit, caus- 
ing a change in plate current through the load re- 
sistance. A portion of this current is fed back to a 
coil on one end of the beam and in the field of a 
permanent magnet, stabilizing the beam at the signal 
output level. 

Ambient temperature variations are eliminated in 
the system. Temperature effects on the Bourdon tube 
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are opposed and nearly equalled by the change in the 
modulus of elasticity of the torsion spring. Final 
compensation is achieved by temperature responsive 
resistors in the feedback network. Seminull balance 
principle of operation automatically compensates for — 
the variations caused by electronic tube deteriora- 
tion, variations in line voltage, or changes in line re- 
sistance. The transmitter, top and left, is compact 
and is designed to withstand accelerations of 30g. 


Mechanical bonding of fins to tubing in 
heat exchangers, section shown at right, 
obviates welding or soldering operations in 
assembly. Flat plate-type fins are punched 
so as to form a bonding collar at each 
hole, providing a broad surface of contact 
with the tube instead of a sharp edge. In 
assembly, after fins are in position on the 
tubes, a tool-steel bullet is forced 
through the tubes by compressed gas, ex- 
panding the tubing uniformly against the 
continuous surface formed by the collars 
of the fins. Carpenter steel tubing is em- 
ployed in these corrosionproof units built 
by the Trane Co. The mechanical bond 
withstands repeated cycles of expansion 
and contraction, making it adaptable to the 
heating and cooling cycles in air condition- 
ing equipment. 
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Fig. 1—Below—Jet assist take-off rock- 
et motors mounted and wired for firing 


Designing a JATO Engine 


RIMARY factors guiding the design of a jet-as- 

sist rocket engine are reliability and low cost. 

Reliability, which implies close manufacturing 
control, is of principal importance because a pilot 
may be committed to a take-off when he fires the 
rocket engine, without which the take-off could not 
be accomplished. Low cost is of particular impor- 
tance because in tactical operations the rocket is jet- 
tisoned after it has performed its function. Success- 
ful incorporation of these two factors into the de- 
sign of a rocket engine can be illustrated by a study 
of the Navy’s MK 2 MOD 3 (14AS-1000) JATO, Fig. 
1. Developed by the Aerojet Engineering Corp., this 
unit incorporates results of basic research conducted 
at the Guggenheim Aeronautical Laboratory of the 
California Institute of Technology (Galcit). Al- 
though the design was completed in 1945, the rocket 
is still one of the most used in jet assist take-off of 
aircraft, and has the distinction of being the first 
rocket engine awarded a type certificate by the Civil 
Aeronautics Administration. 

A cutaway view of the JATO is shown in Fig. 2. 
In operation, the propellant cartridge burns back 
along its axis like a cigarette, the resulting gases 
exhausting through the nozzle and producing a thrust 
of 1000 lb for a duration of 14 seconds. In construc- 
tion, the nozzle, igniter and safety pressure release 
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assemblies are threaded into bosses which are welded 
into the aft end of the chamber assembly; attach- 
ment lugs are welded to the cylindrical section of the 
chamber. The forward end of the chamber assembly 
receives the propellant cartridge; the forward closure 
cap is assembled to the chamber by threading. This 
article outlines the design development of these basic 
rocket engine components treating in some detail the 
more critical elements. 

PROPELLANT CARTRIDGE: The power source of the 
rocket engine is a cylinder of propellant coated with 
an inhibitor which confines the burning of the pro- 
pellant to the open end. The propellant is a mixture 
of powdered potassium perchlorate (oxidizer) and an 
asphalt-oil mixture (fuel). The two are mixed at a 
temperature of 290 F, when the fuel is in the liquid 
state. When mixing is complete, the propellant is 
cast in molds and cooled to solidification. 

The inhibitor coating, an asphalt-oil mixture, is 
then applied, and the completed charge is wrapped in 
tape. An aluminum disk is taped to the closed end of 
the charge; the disk is threaded for a stud which 
secures the charge to the forward closure cap. The 
charge is encased in a 16-gage terne plate sheath 
which is dimpled to provide contact with the inside of 
the chamber and yet leave a passage around the 
charge for the rapid equalization of pressure at igni- 
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tion. This sheath is secured to the charge with steel 
strap banding. 

Predecessors of this rocket utilized a propellant 
charge cast directly into the steel chamber assembly, 
which was coated with an inhibitive material. Be- 
cause of the difference between the coefficients of 
thermal expansion of the steel and the propellant, 
cracks developed in the bond between the propellant 
and the inhibitor coating at low temperatures. Such 
cracks exposed additional propellant area to burning 
and resulted in excessive pressures and consequent 
malfunction of the rocket. Development of a separate 
charge not bonded to the chamber wall and a propel- 
lant with improved low-temperature properties re- 
sulted in extending the lower operating temperature 
limit of the rocket from +40 F to —10 F. 

CHAMBER ASSEMBLY: Experimentation with the 
solid propellant yields a plot of the equilibrium cham- 
ber pressure versus the ratio of burning surface to 
nozzle throat area, and a plot of burning rate normal 
to the burning surface versus equilibrium chamber 
pressure. From these data and from th known re- 
lation beween thrust and the product of chamber 


termine the length, diameter, and operating pressure 
of the chamber. However, determination of chamber 


proof pressure involves additional factors—variation 
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pressure and nozzle throat area it is possible to de- © 


Fig. 2—Cutaway view of the JATO rocket motor. In 
operation, the propellant cartridge burns back along 
its axis like a cigarette, the resulting gases exhausting 
through the nozzle and producing a thrust of 1000 
pounds for 14 seconds 
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of equilibrium pressure, safety pressure release and 
strength of the chamber material. 

Value of the equilibrium pressure increases with 
charge temperature during the burning period. For 
the propellant considered in this article, the varia- 
tion is on the order of 0.35 per cent per degree F. 
This “temperature coefficient’—the expected varia- 
tion in operating pressure from engine to engine—and 
the basic or nominal operating pressure determined 
at 60 F are used to determine the maximum expected 
operating pressure. ‘ 

The safety pressure release is a simple copper 
diaphragm closing an orifice in the chamber. The 
diaphragm is designed to fail within a predetermined 
pressure range in the event of malfunction of the 
propellant charge, thus providing additional area for 
the escape of gases and protection of the chamber 
against excessive pressures. Magnitude of the pres- 
sure range is established from experience, the abso- 
lute value of the pressure being established in excess 
of the maximum normal operating pressure at the 
upper temperature limit. 

Strength of the chamber material decreases as a 
result of heating during firing and this reduction 
must be considered. 

Proof pressure for the vessel can be established 
from consideration of the foregoing factors. In this 
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design the proof pressure applies a hoop stress to the 
chamber wall close to the minimum yield strength of 
the material. 

For the rocket engine under study, the pressure 
values are as follows: 


Nominal operating pressure (60 F) 2000 psi 
Maximum operating pressure (140 F) 3000 psi 
Safety pressure release range 3200-3700 psi 
Proof pressure ... .4500 psi 


Seamless steel tubing has obvious advantages for 
this application. A convenient size was found to be 
954 OD x 0.281 inch wall oil-well casing. Originally, 
it was planned to use a flush joint oil-well casing 
type thread near the nozzle end of the cylinder. How- 
ever, because of limitations on facilities to perform 
this work, the taper buttress thread was selected. 
Also, the combination of a hot spun aft closure on the 
chamber with an elliptical forward closure cap proved 
to be more economical. The material utilized in the 
chamber is a modified API Standard N-80 type steel, 
the forward closure cap is AISI C1035 steel, and the 
three bosses welded into openings provided at the aft 
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end of the chamber body are AISI C1015 steel. At- 
tachment lugs which provide three points for suspen- 
sion are welded to the outside of the chamber. 


NOZZLE ASSEMBLY: A problem common to the de- 
sign of three components for the JATO engine— 
nozzle, safety assembly and the igniter—was that of 
resistance to heat generated by the burning of the 
propellant charge. Flame temperature of the propel- 
lant charge is in excess of 3000 F; however, this tem- 
perature must be withstood for only 14 seconds— 
duration of the rocket run. 


Nozzle Throat Major Design Problem 


The nozzle assembly is particularly critical be- 
cause high gas temperature is combined with high- 
velocity flow. The most critical condition is found 
at the throat of the nozzle. Erosion first occurs at 
this section of an ali-metal nozzle. Solid propellant 
JATO nozzles were originally made from solid cop- 
per. The design was based upon the mass of copper 
necessary to absorb the heat transmitted to the nozzle 
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Fig. 3—Left—Solid copper nozzle for a 12-second 
motor. Size and weight would assume tremendous 
proportions on 30-second motors 


Fig. 4—Left below—Although better than the solid 
copper nozzle in Fig. 3, this conical carbon-insert 
nozzle failed at the thin carbon section just down- 
stream of the throat. Breaking of the carbon 
would proceed forward of the throat causing o 
drop in chamber pressure and in thrust 


Fig. 5—Below—Nozzle design in use today. De- 

fects of the solid copper and conical carbon-insert 

nozzles have been eliminated by the introduction 

of a shrink-fitted cylindrical insert and a copper 

diaphragm which insures ignition reproducibility 

by maintaining chamber closure until the pressure 
has reached 500 psi 
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At- during the rocket run. The copper nozzle, Fig. 3, sion, under which stress it was quite strong. Prob- 


pen- though heavy enough on a 12-second duration engine, ably because of thermal expansion of the steel and 
assumed tremendous proportions on engines of 30 variations in cone angles in some cases, the carbon 
de- seconds duration. Accordingly, a search was made chipped away at the aft edge. This failure in many 
1e— for a material suitable for a lightweight nozzle that cases did not affect the performance of the engine, 
t of would withstand the severe conditions of temperature but occasionally the breaking of the carbon would 
the and gas erosion. Various ceramic materials were proceed forward of the throat causing a drop in the 
pel- tried without success. A tungsten carbide nozzle chamber pressure and, consequently, in thrust. 
em- failed by cracking under thermal shock. These failures were eliminated by development of 
is— Finally, a conical nozzle insert, machined from the cylindrical insert nozzle now in use, Fig. 5. In 
extruded graphite bar and held in a steel body, was this design the thin carbon section at the aft edge of 
tried and operated successfully for 30 seconds in a the insert is eliminated. Originally, cylindrical in- 
1000-lb thrust engine. Similar inserts were success- sert nozzles were made with a positive allowance 


fully used in engines up to 2500-lb thrust for 30 between the outside diameter of the insert and the 
seconds. This nozzle, Fig. 4, was applied to all JATO inside diameter of the steel body. These inserts 





























a engines. cracked during firing tests because of the low ten- 
ond But the nozzle was to prove unsatisfactory. Fail- sile strength of carbon. Subsequent parts were made 
at ures began occurring at the thin section of carbon with a shrink fit between nozzle insert and body. This 
ant just downstream of the throat. The theory of the design gave excellent results and, after an extensive 
op- conical insert design had been that operating pres- proof-test program, was incorporated into the unit. 
per sure would force the insert into the steel cone and the Cther features of this cylindrical insert design are 
izle insert material would then be thrown into compres- the thin copper diaphragm held in place by the car- 
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Fig. 6—Right—The first JATO igniter, patterned after Main Resistance wire Adaptor Cap 
and 9 g P charge bi 
we an early Galcit design. Ignited by a resistance wire, 9 — assembly 

the cap charge ignited the tubular pellet which, in 

turn, ignited the main charge by flame jet. Repro- 

ducibility was poor, lags of several seconds were 
slid common, and misfires and low-pressure burnouts oc- 
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Fig. 8—Right—Present igniter design. Charge 
materials were changed to black blasting pew- 
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bon insert and the protective cover over the exhaust 
end of the nozzle. The copper diaphragm insures re- 
producible ignition by maintaining chamber closure 
until the igniter is fired and the pressure inside the 
chamber has risen to about 500 psi. The mass of this 
diaphragm is not great enough to cause injury to the 
bystander when the engine is fired. The cap over the 
end of the nozzle protects the ignition diaphragm 
from damage during shipment and handling, and is 
removed just prior to firing. 


IGNITER ASSEMBLY: The main problems in the de- 
velopment of the JATO igniter fall into two classes: 
charge development and mechanical development. 


Obtaining Ignition Reproducibility 


The first JATO igniter, Fig. 6, was patterned after 
the igniter used in an early Galcit design. A resist- 
ance wire was buried in a 5-gram charge consisting 
of black powder, aluminum dust, potassium per- 
chlorate, and resin. This cap charge ignited a tubular 
pellet of Rezolin plastic mixed with potassium per- 
chlorate, which in turn ignited the main charge. In- 
cidentally, this pellet had the same form as many 
unrestricted-burning grains used in ordnance rockets. 
Design of the igniter was based on the assumption 
that the jet of flame from the ignition pellet, im- 
pinging upon the surface of the propellant charge, 
would raise the temperature of the charge to the 
ignition point. It soon became apparent that this 
igniter was inadequate. Reproducibility of ignition 
was poor, lags of several seconds were common, and 
misfires and low-pressure burnouts frequently oc- 
curred. 

Analysis of the problem indicated that both heat 
and pressure in the chamber would be more effective 
than the flame jet of the plastic pellet. Accordingly, 
the plastic-potassium perchlorate mixture was pro- 
duced in square pellets with 4 to 14-inch sides, and 
a bag of this material was substituted for the single 
tubular pellet, Fig. 7. Ignition was in every respect 
better than that of the previous design, but still 
ignition failures occurred. Reproducibility was dif- 
ficult to maintain, even with a routine check on 
batches of pellets and tests on each batch to insure 
that the pressure reached in a closed chamber would 
fall within prescribed limits. Aging properties of 
the material were also subject to question. The ig- 
niter cap charge was responsible for several mis- 
fires because the mixture in the immediate vicinity 
of the resistance wire did not contain enough black 
powder to start the ignition sequence. 


Black Blasting Powder Used 


Elimination of these difficulties resulted in the 
present igniter design Fig. 8. The igniter cap mix- 
ture was replaced with fine black powder (FFF-G), 
which was poured into the cavity around the resist- 
ance wire and sealed in place with a disk of paper. 
The pellet material was replaced with (FFF) black 
blasting powder. Results with this igniter have been 
excellent. 

While the problems of charge design were being 
solved, the mechanical features of the igniter were 





106 


being perfected. In this phase of design, the main 
problem was the introduction of an insulated elec- 
trical circuit through a wall that necessarily had to 
be sealed against temperature and pressure. 

The original igniter cap design Fig. 6 consisted of 
two pins pressed into a transite insert which was, in 
turn, pressed into a steel cap. The pins were ar- 
ranged to mate with a standard socket insert AN 
plug. At the cap charge end of the insert the nichrome 
resistance wire was soldered between the pins. Fail- 
ures occurring in this design sometimes involved the 
blowing out of the entire transite insert. Actually, 
the problems paralleled those of the design of the 
familiar spark plug, and that device formed the basis 
for the next igniter cap design, Fig. 7. The nichrome 
wire was soldered between the electrodes of the plug, 
and electrical leads soldered to the terminal and to 
a ground on the outside of the plug. Although this 
design solved the problem of the pressure and tem- 
perature seals, the arrangement of leads and of the 
fragile porcelain shank of the plug was not satisfac- 
tory. The present single-pole igniter, Fig. 8, was then 
proposed and developed. 


1000 psi Gas-Leak Test Insures Operation 


In this design a single positive lead wire is used, 
and the resistance wire is mounted in two parallel 
legs from the positive electrode to the ground. Orig- 
inally a separate ground wire was planned, but later 
it was found that adequate grounding was provided 
at the contact between the JATO unit and the air- 
plane mounting lugs. The single terminal enters the 
JATO engine through a conical ceramic insert which 
is cemented to the terminal and to the steel igniter 
body. A careful assembly procedure, which includes 
a 1000 psi gas-leak test, is necessary to insure suc- 
cessful operation of this design. 

Design development problems involving the other 
components of the JATO rocket engine were similar- 
ly approached. The result is a device which provides 
a reliable source of power for assist take-off of air- 
craft, requiring only attachment to the airplane and 
an electrical impulse to initiate its operation. 





They Say... 


“In these days when there is general recognition 
that the human being is more important than the ma- 
chine and that human power is more important than 
“natural” power, there is much that engineers can 
learn from the social scientists. Engineers must 
utilize the resources that come from learning from 
and working with those who know most of the ways 
in which the human body, mind and spirit function. 
Although it is true that the engineer has not often 
the technical training in the sciences that concern 
themselves with the human being, he is learning 
something of their content and also learning to co- 
operate with the sociologists, psychologists, psychi- 
atrists and the others who work in these fields”— 
Dr. LILLIAN M. GILBRRTH, president, Gilbreth Inc. 
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Fig. 1—Wheel spindle assembly of automatic balancing 
system. Balancing balls may be clamped in any angular 


RG ie, ; position by hydraulically actuated clamp shown in inset 
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learned debate concerning the number of angels 

that could stand on the point of a needle. Be- 
cause the angels were immaterial beings, they could 
occupy no physical space; hence, the needle point 
could accommodate an unlimited number—so ran one 
side of the argument. But, said the opposition, the 
needle point itself has no physical dimension! Un- 
fortunately, the argument was never settled because 
no one was ever able to induce the angels to stand 
up and be counted. 

Later, there was another learned controversy about 
the speed of falling bodies. According to Aristotle 
and others, heavy bodies must fall faster than light 
bodies. This time the question was decisively settled 


Bi: in the middle ages there was a long and 


MACHINE DESIGN—January, 1951 


by a practical-minded man named Galileo, who mere- 
ly took similarly shaped heavy and light weights to 
the top of the tower at Pisa and dropped them. Their 
simultaneous crash swept away forever the specula- 
tive method as a tool of science and established the 
method of physical experiment. 

So today, in seeking the answer to a physical prob- 
lem or the workability of a complex new mechanism, 
we waste little time in speculative reasoning but pro- 
ceed instead to apply the Galilean method of experi- 
ment and measurement: First, see what happens; 
measure the physical result! 

AUTOMATIC BALANCING: Developed as an integral 
part of Cincinnati grinding machines, the automatic 
balancing system discussed in this article is an ex- 
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ample of a physical system whose examination by the 
Aristotelian method might well lead to false conclu- 
sions. Its mode of operation is not obvious; many 
semingly impossible requirements must be met in 
order to arrive at a practical and reliable mechanism. 
First, let’s see what happens. Does it really work? 
GENERAL DESCRIPTION: The purpose of this sys- 
tem is to provide a simple, automatic method of bal- 
ancing a grinding wheel on the machine, eliminating 
the need of removing it and making tedious trial- 
and-error weight adjustments on a separate balanc- 
ing stand. The balancing members consist of 
three steel balls carried in a raceway formed in the 
enlarged head of the grinding wheel spindle, as shown 
in Fig. 1. The balls may be clamped to the spindle 
in any angular position by the hydraulically actuated 
clamp “A”. The spindle is carried in Filmatic bear- 
ings which comprise rigidly supported shoes of the 
tilting-pad type surrounding the journals “B” and 
“C.” Wedge-shaped oil films developed by rotation 
between the journals and bearing shoes provide full 
hydrodynamic luuvrication and act, in effect, as fluid 
vise-jaws to hold the spindle rigidly in position for 
precision grinding, while maintaining low friction and 
consequent freedom from wear. The entire front 
bearing assembly is mounted in a sleeve which may 
be either rigidly clamped to the wheel housing, as 
for the grinding operation, or unclamped and allowed 
to float in a special suspension of predetermined rigid- 
ity for the balancing operation. A three-position 
lever, “L,” shown in Fig. 2, actuates both the bear- 
ing assembly clamping system and the ball clamp, in- 
dependently. (In some of the production models, sep- 
arate actuating members are used for the two clamp- 
ing systems.) The rear bearing assembly is ar- 
ranged to permit the slight angular deflections re- 
quired during the balancing operation. An indica- 
tor, “I” in Fig. 2, shows when a balanced condition 
has been obtained and therefore tells when the sys- 
tem should be clamped. 
INVESTIGATION OF ACCURACY: The machine chosen 
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for this investigation was the 10-inch by 72-inch plain 
self-contained grinder shown in Fig. 3. This machine 
had been in service in a production operation for 
about one year, and in experimental and demonstra- 
tion service for over three years. In this entire time 
the spindle bearings had not been adjusted or serv- 
iced, although the balancing device had been operated 
literally thousands of times. 

To measure precisely the effectiveness of the bal- 
ancing operation after this period of service, elec- 
tronic vibration measuring instruments were set up 
as shown. A crystal-type displacement pick-up, “A,” 
was mounted on top of the dial indicator, “I.” This 
indicator shows the amount of unbalance by measur- 
ing the motion of the spindle suspension system when 
this is unclamped for balancing. The output from 
the pick-up was led to an amplifier, “B,”’ and thence 
to a vacuum-tube voltmeter, “C,” and cathode-ray 
oscillograph, “D.” In each test, the amplitude of 
vibration of the spindle system was read from the 
vacuum-tube voltmeter and checked roughly with the 
reading of the indicator. The gain control on the 
amplifier was adjusted so that a motion of 0.002-inch 
on the indicator corresponded to a full-scale reading. 
1 volt, on the vacuum-tube voltmeter. This provided 
an extremely sensitive means for measuring the mo- 
tion of the spindle system in the unclamped condi- 
tion. With this sensitivity it was found that, even 
when the spindle was stopped, the voltmeter showed a 
background reading of 0.10-volt because of extrane- 
ous vibration. This background indication, therefore, 
was subtracted from all readings taken in the tests 
made with the spindle running. 

Three series of balancing tests were made, differ- 
ing primarily in the extent and location of the initial 
unbalance. 


Series 1: The balancing operation was started for 
each test with both an added weight and the balls 
located at the bottom. Under this condition an un- 
balance of about 44 ounce-inches existed in the 
machine 
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Series 2: These tests were essentially the same except 
that the added weight was relocated 180 degrees 
from its position in the first series. Therefore, 
when the system was balanced, the balls were on 
the opposite side of the runway from the position 
they occupied in the first series 

Series 3: For these tests several small weights were 

so located that the three balls would be positioned 

almost exactly 120 degrees apart after the bal- 
ancing operation. This indicated that the system 
was almost perfectly balanced without the balls. 

Each test in this series was started with the balls 

at the bettom, an unbalance of about 24 ounce- 

inches. 


Ten separate tests were made by each of two op- 
erators in the first and the second series and five 
tests in the third series. The voltmeter readings for 
the 50 tests are given in TABLE 1. 


CALIBRATION: A series of tests was then carried 
out with the double purpose of, first, calibrating the 
entire system so that the vacuum-tube voltmeter read- 
ings could be properly interpreted in terms of un- 
balance, and second, determining as accurately as 
possible the actual values of residual unbalance. 

With no added weights, the grinding wheel was first 
balanced by releasing and clamping the balls in the 
normal way, and an average value of residual un- 
balance obtained (as compared with the readings in 
50 tests). The reading of the vacuum-tube volt- 
meter corrected for static background (with the 
spindle bearing suspension system unclamped) was 
found to be approximately 0.11-volt. This position 
of the balls was then maintained throughout this 
series of tests. 

A weight corresponding to 1 ounce-inch of unbal- 
ance was then applied to the grinding wheel mount 
at a selected position; the spindle was rotated at 
nermal speed, and a voltmeter reading taken. The 
weight was then moved successively to positions 
spaced 60 degrees apart around the wheel mount, at 
the same radius, and a voltmeter reading taken for 
each position. The suspension system, of course, re- 
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mained unclamped throughout these tests. 

The tests were then repeated with a weight corre- 
sponding to 2 ounce-inches of unbalance. The read- 
ings for both groups of tests (corrected for static 
background) are shown plotted in Fig. 4. 

Inspection of Fig. 4 reveals that the straight line 
corresponding to a constant ordinate of 0.11-volt for 
no applied unbalance includes not only the effect of 
the residual unbalance due to improper positioning 
of the balls, but also the effect of other dynamic 
forces such as those caused by slight unbalance in the 
driving motor and belts and magnetic pulsations in 
the motor. These forces come into play only when 
the spindle is running and hence are not included in 





Table 1—Voltmeter Readings for Balacing Tests* 











Series 1 Series 2 Series 3 
Test Operator Operator Operator 
No. A B A B A B 
1 0.14 0.12 0.10 0.12 0.10 0.16 
2 0.14 0.12 0.10 0.14 0.14 0.12 
3 0.16 0.12 0.12 0.16 0.18 0.14 
4 0.10 0.10 0.16 0.10 0.12 0.10 
5 0.12 0.10 0.12 0.14 0.10 0.12 
6 0.14 0.08 0.08 0.12 
7 0.18 0.22 0.10 0.14 
8 0.10 0.18 0.10 0.16 
9 0.14 0.08 0.14 0.14 
10 0.16 0.10 0.12 0.12 
Average: 0.138 0.122 0.114 0.134 0.128 0.128 





* Readings corrected for background effect obtained with spindle 
stopped. Average corrected reading for 50 tests — 0.127 volt — 0.17 
ounce-inch residual unbalance. 
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the “static” background for which a correction can 
easily be made. 

The lines through both sets of plotted points show 
a slight cyclic rise and fall. This, of course, is to be 
expected, inasmuch as any unbalance remaining from 
the balancing operation would be vectorially added 
to (or subtracted from) the effect of the test weights 
as they were applied to successive positions around 
the wheel mount. Taking one-half of the difference 
between the maximum and minimum ordinates in 
each group of tests therefore gives an approximate 
indication of the residual unbalance in this particular 
case. As shown by the curves, Fic. 4, the half-dif- 
ference in both groups of tests was of the order of 
0.03-volt. 

It therefore appears that the effect of the residual 
unbalance was only about 0.03-volt and the remain- 
der of the 0.11-volt ordinate (or about 0.08 volt) 
was due to other dynamic forces such as those listed 
before. 

Averaging the voltage ordinates for each of the two 
groups of tests therefore gives values which should 
provide a good calibration for the entire system. 
These values, together with the value of approximate- 
ly 0.08-volt for zero unbalance, are plotted in Fig. 5. 

Inspection of Fig. 5 shows that the relationship 
between vacuum-tube voltmeter readings and unbal- 
ance is generally linear, as would be expected. To- 
ward the origin, there is a small departure from 
linearity which may be caused by the slight damping 
inherent in the spindle bearing suspension system. 

Results: TABLE 1 shows that the average of the 
vacuum-tube voltmeter readings for the entire 50 
balancing tests was 0.127-volt. Referred to Fig. 5, 
this shows an average unbalance of 0.17 ounce-inch. 
The highest reading in all these tests was 0.22-volt, 
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which corresponds to 0.47 ounce-inch. The lowest 
reading was 0.08-volt, which is actually the value 
shown by the calibration curve for zero unbalance. 
This, of course, may still include a small experimental 
error; however, it indicates that in some cases almost 
perfect balance was obtained. 

In Fig. 6 is shown a statistical distribution curve 
for the 50 readings listed in TABLE 1. Only one read- 
ing was as high as 0.22-volt (0.47 ounce-inch). Even 
an occasional value as high as this, however, has 
little real significance since in practice this could be 
further reduced if desired. A slightly longer period 
could be allowed for the balls to assume a more fa- 
vorable position, as shown by a smaller motion on 
the indicator, or the spindle could be stopped, the 
balls dropped, and the balancing operation repeated 
with a new initial configuration of the balls. 

In view of the results obtained in these tests, it 
may be stated conservatively that this automatic 
balancing device will balance the grinding wheel sys- 
tem to less than 1% ounce-inch of error. 

Grinding Test: Several questions may logically 
be asked: Is a residual unbalance of 14 ounce-inch 
sufficiently small to permit a high-precision grinding 
operation? How does this value compare with that 
usually obtained by skilled operators using the old 
method of removing the grinding wheel from the 
machine and balancing it on a balancing stand? 

The first question was answered by actual grind- 
ing tests. The wheel system on the machine was 
first carefully balanced until the vacuum-tube volt- 
meter showed a reading (when corrected for back- 
ground) that corresponded to a virtually perfect bal- 
ance. A grinding operation was then performed on 
the workpiece shown in position in Figs. 2 and 3. 
With a 60-grit, vitrified-bond, aluminum-oxide wheel, 
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the surface finish obtained on the SAE 3145 steel 
workpiece (375 Bhn) averaged about 3 microinches 
and the bar was round within 0.000,01-inch. 

A weight corresponding to 4% ounce-inch of un- 
balance was then attached to the grinding wheel 
mount, and the grinding operation repeated. There 
was no discernible difference in the quality of grind 
obtained. The finish again averaged about 3 micro- 
inches and the bar was round within 0.000,01-inch. 
This test showed conclusively, therefore, that a re- 
sidual unbalance of the order provided by the auto- 
matic balancing system was small enough to permit 
a, high-precision grinding operation. 

The second question also was answered by test. 
Several grinding wheels were first balanced on a 
balancing stand by a skilled operator. The wheels 
were then carefully checked for residual unbalance 
on a Gisholt Dynetric balancing machine. The aver- 
age value of this unbalance was found to be on the 
order of one ounce-inch, which is more than twice 
as much as the highest residual unbalance found in 
the described tests with the automatic balancing 
system. 


THEORY OF OPERATION: A positive answer has 
been furnished to the question: Does it work? There 
then arises the question: How and why does the 
three-ball balancer work ? 

It was shown by Thearle* in 1932 that an automatic 
balancing mechanism could be provided for a rotating 
system by using two balls mounted in a raceway 
concentric with the axis of rotation and running the 
system somewhat above resonance. The physical 


*E. L. Thearle—‘A New Type of Dynamic Balancing Machine,”’ 
Trans. ASME, Vol. 54, 1932, Pages 131-141. 
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principle embodied in this mechanism is based on 
certain aspects of the theory of vibration of elastic 
bodies. 

In accordance with vibration theory, the phase angle 
between force and displacement in an elastic system 
excited by a sinusoidally varying force is a function 
of the ratio of the forcing frequency, N;, to the na- 
tural frequency of the system, N,. When this ratio 
is zero, the phase angle is likewise zero. When the 
ratio is unity, which is the condition of resonance, 
the phase angle is 90 degrees, and when the ratio is 
infinity, the phase angle is 180 degrees. Intermediate 
values depend on the amount of damping present 
in the system. As shown in Fig. 7a, for a system 
containing little damping the phase angle remains 
small while the ratio N;/N, increases from zero to 
almost unity, then rises abruptly, passing through 
90 degrees when N,/N, = 1, and closely approaches 
180 degrees for values only slightly higher than 1. 
As shown in Fig. 7b, when the exciting force is of 
constant amplitude, the vibration amplitude peaks 
sharply when the ratio is unity, and falls rapidly for 
higher values. 

In a rotating system any unbalance weight, W, 
provides a rotating force vector, of magnitude Wrw?/g, 
which acts with respect to any given radial direction 
as a sinusoidally varying force. If the system is so 
suspended as to have equal rigidity in all radial direc- 
tions, the resultant orbital motion is therefore cir- 
cular. If the rigidity, K, of the suspension and the 
mass, M, of the rotating system are such that w?< 
K/M, where w is the angular velocity in radians per 
second, the system runs below its resonant speed. 
The ratio N,/N, is therefore lower than unity, and 
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the force vector is only slightly out of phase with the 
displacement vector. This means that under these 
conditions, the entire system will rotate about a point 
in space which is remote from its “heavy” side, i.e., 
the heavy side will run out. In the case of the auto- 
matic balancing system, this corresponds to the 
condition with the spindle assembly rigidly clamped, 
as for grinding. Here the natural frequency, N,, is 
very high. 

On the other hand, if the rigidity, K, of the suspen- 
sion is lowered while M remains the same, so that 
w* >K/M, the system runs above its resonant speed. 
The ratio N,/N, is then greater than unity and the 
force vector is almost 180 degrees out of phase with 
the displacement vector. Under these conditions, the 
system will rotate about a point in space which is 
remote from the “light” side; i.e., the light side will 
run out. In the automatic balancing system, this cor- 
responds to the condition with the spindle assembly 
unclamped and supported resiliently for the balancing 
operation. 

The diagram in Fig. 8a shows the force system of 
the 3-ball Cincinnati balancer when the spindle bear- 
ing suspension is in the unclamped position. In this 
condition the system is operating above resonance. 
If at a given instant the heavy side of the grinding 
wheel system is at the right, the unbalance force 
vector will act in the direction of the arrow while the 
displacement vector will be to the left. The system 
will therefore rotate abou’ a point in space which 
is toward the heavy side of the wheel. 


Balls Forced to Light Side 


As shown by the arrows, the centrifugal force 
on each ball acts in a radial line from the actual 
center of rotation. Because of the eccentricity of the 
raceway, this force does not pass through the point of 
contact of ball and raceway, and therefore produces 
a couple which urges each ball toward the light side 
of the system. 

If the balls are unclamped, they will migrate to- 
ward the light side. In doing so, they reduce the 
unbalance in the system; consequently, the center of 
rotation approaches the geometric center of the race- 
way. When the balls have reached positions where 
the system is completely balanced, the two centers 
coincide, the centrifugal force on each ball is in line 
with the reaction from the raceway, and thus there 
is no longer any couple tending to move it. This 
condition is shown in Fig. 8b. Then the balls are 
clamped; next, the bearing system is clamped, thus 
providing the highly rigid condition required for 
grinding. 

Although the mechanical elements and operating 
principle of this balancing system are simple, several 
difficult and conflicting requirements must be met 
in order to provide a practical mechanism and ob- 
tain a degree of balance satisfactory for the needs 
of a precision grinding machine. 

Concentricity: From Fig. 8b it is obvious that if 
the raceway containing the balls is not exactly con- 
centric with the journal axis, a perfectly balanced 
condition cannot be obtained. For this reason, the 
raceway is formed as an integral part of the grind- 
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ing wheel spindle, as shown in Fig. 1. In the manu- 
facture of this spindle, extreme care is taken to in- 
sure a high order of concentricity. The finish grind- 
ing operation on the raceway is carried out while 
the spindle is rotated on its own superfinished jour- 
nals supported in special bearings, and care is taken 
to obtain a high quality of finish on the ball support- 
ing surface. It seems obvious that once this con- 
centricity has been established it will be inherently 
maintained. 


Friction Prevents Accurate Balance? 


Low friction: Another requirement which would 
appear to be essential for proper operation of this 
automatic balancing system is a very low coefficient 
of rolling friction between the balls and raceway. A 
conventional analysis of this problem would be some- 
what as follows: 

In the force diagram of Fig. 9a, which represents 
an unclamped and unbalanced condition, F is the cen- 
trifugal force vector acting on a ball, at A, from 
the center of rotation O. This force produces a mo- 
ment, F(r/R) e cos 6, which tends to move the ball 
toward the light side of the system. Here e is the 
eccentricity caused by unbalance. But in order to 
move the ball, this moment must overcome the oppos- 
ing moment, Ff,, where f, is the coefficient of rolling 
friction. 

Therefore, (r/R) e cos @ must be larger than f,, 
i.e., e cos 6 must be larger than f, (R/r). If R/r= 
2.8, as in the spindle assembly shown in Fig. 1, then 
even for the position A’, where the moment tending 
to cause motion of the ball is a maximum (because 
@ is zero), e must be larger than 2.8 f,. 

If it is assumed that the coefficient of rolling fric- 
tion, f,, has a value of about 0.0005-inch such as 
commonly experienced for conditions similar to those 
found in the balancer, the minimum eccentricity of 
the raceway during the balancing operation, beyond 
which the balls would not be expected to reposition 
themselves from any location, would be (2.8) 
(0.0005) = 0.0014-inch. 

If this were true, the residual unbalance in the sys- 
tem could indeed be objectionable. With the minimum 
eccentricity during balancing equal to 0.0014-inch, the 
distance between the center of mass and the axis of 
the journal would be expected to be about two-thirds 
of this amount, or 0.0009-inch. When running above 
resonance, the total eccentricty, e, of the journal 
axis is equal to the eccentricity of this axis with 
respect to the mass center plus the eccentricity of the 
mass center itself. For a value of N,/N, such as used 
in the balancing device, the eccentricity of the mass 
center is approximately 0.33e. The effective weight 
of the rotating system for a 30-inch by 3-inch grind- 
ing wheel being 300 pounds, the residual unbalance 
would be (300) (0.0009) = 0.27 pound-inch or 
4.32 ounce-inches. 

If a ball were situated in a less favorable location 
than A’ in Fig. Sa—for example, at the position A, 
or any of the positions shown in Fig. 8a—the ec- 
centricity required to produce motion would be even 
higher. In any of these positions the angle @ has an 
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appreciable value; therefore, e must have even a 
larger value than in the preceding example, and the 
residual unbalance should be even greater. 

In view of the foregoing analysis, it would appear 
to be impossible to achieve a high degree of balance 
with this type of system. How then is it possible 
to balance the grinding wheel system consistently 
to a small fraction of an inch-ounce? 

The answer lies in the fact that a static condition, 
assumed in the foregoing analyses, is not the actual 
case. In reality, there exists a dynamic condition 
with the ball being acted upon by several sets of 
forces which may combine to produce a resultant 
motion in a desired direction. 

It is well known that a shaft rotating in a bearing 
may be moved endwise by an extremely small force. 
Here, the actual motion opposed by the friction in 
the bearing is the resultant of the tangential and 
axial motions; consequently, when the axial velocity 
is very small in comparison with the tangential 
velocity, the axial force component required to pro- 
duce this low velocity is likewise very small. 

Similarly, a ball rolling in a straight line on a 
flat surface under the action of a single force is 
diverted from its straight path when even a minute 
force is applied in a perpendicular direction. The 
actual motion of the ball is in the direction of the 
resultant of the two forces. The same principle ap- 
plies in the case of a ball lying on a surface and sub- 
jected to an oscillating tangential force to which is 
added a small colinear force of constant direction 
and magnitude. If the moment produced on the ball 
by the oscillating force has a peak value higher 
than the friction moment, an oscillatory motion 
occurs. The acceleration produced by the small 
constant force then alternately increases and de- 
creases the velocity of the ball, the resultant motion 
being a progressive advance in the direction deter- 
mined by the constant force. 

This is the state of affairs in the ball-type balanc- 
ing device. As indicated in Fig. 9b, each ball is urged 
toward the raceway by a centrifugal force vector, 
F = W.*R/g. With the dimensions and velocities 
used in a typical application, F is approximately 
equal to 40W. Then, if the coefficient of rolling 
friction, f,, were 0.0005-inch, the friction moment op- 
posing the rolling of the ball would be F f, = 0.02W. 
In addition to centrifugal force, however, a constant 





downward force, W, acts on the ball due to gravity and 
has a tangential component, W sin w t. This component 
constitutes an oscillating force which alternately acts 
to accelerate and retard the ball once every revolution 
of the spindle. At a peak value, as when the ball is 
at A where sin » ¢ = 1, the tangential component is 
equal to W. Thus for a ball radius, r, of 0.687-inch 
there is produced a rolling moment equal to 0.687 
W, which is far greater than the opposing friction 
moment, 0.02W. The ball will therefore oscillate 
once every revolution through a small angle in its 
raceway in a plane perpendicular to the spindle axis. 


Oscillatory Action Overcomes Friction 


The approximate amplitude of oscillation of the 
ball in its raceway has been computed. In this ex- 
ample, the total excursion of each ball forward 
and back, once every revolution of the spindle, is 
approximately 0.080-inch, a significant quantity. 

For the slightest amount of unbalance in the entire 
grinding wheel system, there is a small eccentricity 
of the raceway with respect to the center of rota- 
tion, which causes a small constant force on each ball 
urging it toward the light side of the system. As 
described, even if this force is extremely minute it 
still produces motion in the desired direction when 
combined with the oscillating force, because this in 
itself is more than large enough to overcome the 
frictional opposition. Thus the balls, in effect, are 
unhindered by rolling friction and consequently can 
migrate to the positions where the system is per- 
fectly balanced. This is in accordance with the ob- 
served result. 

Other dynamic factors that may act during the 
balancing operation to produce slight oscillatory mo- 
tion of the balls in their raceway, and consequently 
aid in their perfect positioning, include small depar- 
tures from constant angular velocity of the revolv- 
ing system due to slight departures from a perfectly 
circular orbit. Any small cyclic changes in radius 
of curvature, as in a slightly elliptical orbit, would 
introduce significant accelerations and retardations 
of the balls with respect to the raceway. 

The apparent absence of any effective frictional 
opposition to the motion of the balls while they are 
seeking their balanced positions is further evidenced 

















by the fact that it is necessary to introduce a small 
amount of viscous damping, or intermittent clamping, 
to prevent the balls from hunting after their balanced 
positions have been reached. 

Bearing Design: An important factor in the suc- 
cessful application of this balancing principle to 
precision grinding machines has been the particular 
construction of the bearing system. 


Bearings Withstand Unbalance Shocks 


Fears have been expressed by some that the bear- 
ings might be damaged, or their adjustment dis- 
turbed, by the vibrations or impacts imposed by an 
occasional heavy unbalance during the balancing oper- 
ation. Obviously, this might be true if the bearings 
were inherently fragile in nature, or required frequent 
microsensitive adjustment. However, with the pre- 
loaded oil-film type of bearing, as used in all the ma- 
chines with the three-ball balancer, no such difficulty 
has been experienced. These vearings are inherently 
rugged and rigid. As indicated earlier, the machine 
that was tested for balancing accuracy had been sub- 
jected to severe production service and the balancing 
system had been actuated thousands of times. Yet 
the machine performed a grinding operation of high 
precision in spite of the fact that the bearings had 
never been readjusted since their initial assembly 
more than four years before. Similar performance 
characteristics have been shown in the field by other 
machines of this type. 

CONCLUSION: Throughout the ages, whenever new 
mechanical devices were proposed or made, there 
were always people who said, “It can’t be done!” 








They were not always ignorant people—often the 
were highly intelligent and highly trained. The 
could prove their contentions mathematically. The 
were not wrong because of their theories, they we 
simply not in possession of all the facts; their as 
sumptions were untenable. 

The practicability of almost any new device ap 
pears questionable in the early stages of its develop 
ment. There is always a long hard road to be traveled 
between the class-room demonstration of a physica 
principle and its application in a practical machine 
capable of meeting the multifarious requirements offf 
modern production. Application of the three-ball (dy- 
namically positioned mass) principle of automatic 
balancing to commercial centerless and center-type 
grinders has provided no exception to this general 
rule. Of course, there were difficulties. Masses and 
rigidities had to be properly proportioned; caref 
consideration had to be given to the details of the 
design so as to provide controlled damping and td 
ensure that the precise concentricities once estab 
lished would be inherently maintained; the bearing 
system had to be designed so as to be unaffected b 
the forces produced by unbalance during the balanc- 
ing operation—and by variations in belt pull. 

Now, precise balancing is accomplished in seconds 
instead of an hour or two. The balancing operation 
can therefore be repeated daily, or as often as desired, 
without appreciable loss of time. Year-after-year 
operation of the entire bearing system has been ac- 
complished with complete freedom from adjustment 
or maintenance. These facts prove the correctness 
of this balancing principle and the effectiveness of 
its application. 

















































HIGH-SPEED, general-purpose, automatically- 
sequenced electronic computer has been devel- 
oped and constructed by the National Bureau of 
Standards under the sponsorship of the Department 
of the Air Force. It provides a high-speed comput- 
ing service for Air Force project SCOOP (Scientific 
Computation of Optimum Programs), a pioneering 
effort in the application of scientific principles to the 
large-scale problems of military management and 
administration. The computer automatically per- 
forms all of the logical and arithmetical operations 
required to solve a particular problem when it is 
supplied with coded instructions and numerical data. 
All operations are carried on in a binary number 
system, the presence of a pulse indicating “1” and the 
absence of a pulse indicating “0.” A sequence of 45 
binary digits is known as a “word” and may convey 
operational instructions as well as numerical data. 
High computing speed is largely the result of two 
design features: rapid pulse rate (1 -aegacycle per 
second) and large memory capacity’ (512 words). 
They make it possible to add or subtract pairs of 11- 
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Computer Solves Military Problems 






digit numbers 1100 times a second and multiply or 
divide them 330 times a second. These rates include 
the time it takes for the machine to search its mem- 
ory for the numbers, operate upon them and return 
the result to the memory. An arithmetical operation 
of addition or subtraction alone is completed in 50 
microseconds; multiplication or division is completed 
in 2500 microseconds. 

In the development of the computer, emphasis was 
placed on designing circuits especially for computer 
use rather than adopting the standard procedures of d 
television and radar circuitry. All computing and 








switching is performed by germanium crystal diodes aa 
rather than by electron tubes; tubes are used only} °° 
for power amplification. Standardized tube-and- ~ 

r 


transformer combinations are used throughout the 
machine to simplify maintenance. The transformer to 
method provides high-frequency coupling with a min- . 
imum of cross-talk between circuits. These advances Is 


in circuit design, as well as several unique construc- in 
tion features, make it easy to add units to the ma-| 
chine to convert it to a much larger computer. = 

M 
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Positive Lock 


..» provides fine feed screw nut 
adjustment in 0.00016-inch steps 


IRCRAFT propellers require a positive lock 
with extremely fine adjustments for holding 
the blades against change of angle. The lock 

must be positive because of the large torque tending 
to force the blade to zero angle, and because of the 
severe vibration. The fine adjustment is necessary 
because the angle of the various blades must be equal 
to within 0.1-degree for aerodynamic balance. 

The type of lock developed for these requirements 
is illustrated in Figs. 1 and 2. The intermediate lock- 
ing ring, Fig. 1, has teeth on the outside that mesh 
with a similar spline on the blade; and teeth on the 
inside mesh with a corresponding set on the co-or- 


MACHINE DESIGN—January, 1951 










By Thomas Barish 
Consulting Engineer 
Cleveland, Ohio 


dinating gear, Fig. 2, that holds all the blades in re- 
lation to each other. Each of these sets of gear teeth 
have all the teeth in mesh at once, providing great 
torque strength and permitting relatively light parts. 

Adjustment is obtained because one of the two 
splines has one less tooth than the other. For ex- 
ample, if one set has 90 teeth and the second set 91 
then there are 90 x 91 or 8190 adjustment positions 
in the circle. Rotating the locking ring one tooth will 
adjust the blade by 1/8190 part of a circle or 0.044- 
degree. 

The same method has been applied to a machine 
tool feed screw to remove all end play to within about 
0.0001-inch. In the construction shown in Fig. 3, the 
nut has an external spline with 27 teeth. The re- 
verse thrust ring has an external spline with 23 
teeth. The floating lock ring on the outside meshes 
with both of these splines and is held in place by a 
snap ring. Thus with 27 and 23-tooth gears, adjust- 


115 





ment can be obtained to within 1/27 x23 part of a 
circle or 0.00016-inch with a ten-pitch screw. Also 
this adjustment can be made without taking off the 
nut or endplay collar. 

However, there was difficulty in using this lock. 
When the two sets of spline teeth differ by more 
than one tooth, the minimum steps are not obtained 
by moving the locking collar one tooth. In fact, for 
this case moving the locking collar one tooth changed 
the endplay by 0.00064-inch or four times the ex- 
pected 0.00016-inch. Also the steps are so small that 
one cannot pick them out by “feel”, and trying all of 
the 621 possibilities is impractical. One must know 
how many teeth to move to obtain the desired mini- 
mum steps, so as to approach the “no looseness” 
point gradually. 

The formula for this is an interesting and simple 
problem in the mathematics of integral numbers: 
Let a = teeth in one spline and a + d = teeth in the 
second. Thus the expected minimum adjustment is 
1/a(a+d) part of a circle. Advancing the locking 
ring one tooth will make an adjustment of 1/a — 
1/(a+d) or d/a(a+d) part of a circle. If the dif- 
ference d is one, then an advance of one tooth will 
give the expected minimum step. But if d is more 
than one, for example 2, then the step of one tooth 
will give 2/a(a+2), or about twice the minimum step, 
and will continue to give too large steps. 

To get the minimum step the small spline must be 
advanced some number of teeth such as n, and the 
second, or larger spline, should be moved up one more, 
or n+1. Then to find n, set up the equation for the 
minimum expected step value, equal to the distance 
one spline advances less the distance the second spline 
returns: 1/a(a+d) = n/a — (n+1)/(a+d). Solv- 
ing, nm = (a+1)/d, where a is the number of teeth in 


Management Reprint 

During the past few years, a considerable number 
of articles in MACHINE DESIGN have been devoted to 
up-to-the-minute appraisals of various aspects of 
sound engineering management. Response to these 
articles has been extremely encouraging and readers 
have requested that this material be made available as 
a permanent reference. To satisfy this demand, four- 
teen articles have been reprinted in a paperbound 
book, 5 by 7 inches, containing 224 pages. The book 
is now available at $1.00 per copy from MACHINE 
DESIGN Book Dept., Penton Bldg., Cleveland 13, Ohio. 


the smaller spline, d is the difference between the two 
splines, and n is the advance for minimum steps. Thus 
for Fig. 3 where 27 and 23 teeth are used: n = 
(23+1)/4 or 6 teeth. And to get minimum steps the 
inner spline is advanced 6 teeth and the outer spline 
7 teeth. 

With these instructions, mechanics are able to 
handle the lock easily. After roughly approaching 
the desired adjustment, the 6 and 7-tooth steps are 
tried one at a time until the desired fit is obtained. 

Note that such a design must have the numbers 
of teeth selected such that there are no common di- 
visors or many of the adjustments will be duplicated. 
In the case of Fig. 3, it was necessary to have a 4- 
tooth difference so the bore of the larger spline would 
clear the OD of the smaller one. Note also that one 
spline is made much longer than the other so it enters 
first and helps materially in handling adjustments 
since the collar can be pulled back off the first spline 
and still hold on the other for the rough adjustment. 
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EANS for holding machine parts together to 

prevent relative rotation has been improved 

greatly during the past few years. From the 
single, multiple and parallel-key spline, design has 
progressed to the standard involute spline. Sim- 
ilarly, the holding means on a taper bearing has ad- 
vanced from a single key on a tapered shaft to the 
parallel-key, taper-root spline and nov to the in- 
volute taper-root spline, Fig. 1. 

For power transmission, the involute spline is rap- 
idly gained popularity over the parallel-key spline. 
The successful application of the parallel-root in- 
volute spline has led to the adaptation of the involute 
form to the taper-root design. Several factors con- 
tribute to the success of both types of involute splines. 
Universal cutting tools within a diametral pitch, in- 
creased strength, freer machining of both members, 
more economical cutting tools, and longer life of the 
hob are some of the factors which are contributing 
to the changeover to the involute spline. The paral- 
lel-root involute spline has been successfully applied 
to many types of machine drives including automo- 
tive, aircraft, machine tool, tractor, farm implement, 
and industrial. 


INVOLUTE TAPER-ROOT SPLINE: The involute taper- 
root spline has exceptional possibilities where in- 
creased strength and additional bearing are desired. 
Heavy power transmission may be improved by the 
use of this type of spline. Some parts to which taper 


This article is based on information and data furnished by Mr. John P. 
Breuer, Hob Engineer, the Barber-Colman Co. 


MACHINE DESIGN—January, 19&1 


XUM 


involute splines have been successfully applied are 
tractor axles, machine tool drives, and automotive 
drives such as the steering sector and spindle, brake- 
lever shaft and pedal clutch driving disk, sliding 
drive gear and reduction gear, steering spindle and 
gear, and brake shaft and pinion. 

Where it is desirable to take up any looseness due 
to wear, the involute taper-root spline can be suc- 
cessfully applied. As indicated by the list of appli- 
cations, it can be used on all reversible drives except- 
ing those for extremely heavy work. Drives in which 
the members must be easily disassembled can employ 
this type of spline very successfully. Another im- 
portant feature of this spline is that it will run true 
because it is fitted onto a taper whereas any inac- 
curacies in other type of connections may result in 
the members not running true. 


MACHINING SPLINES: The hob for producing a 
parallel-key spline is difficult to manufacture be- 
cause the profile must be a curve rather than a 
straight rack as on an involute-spline hob. Both 
manufacture and inspection are complicated by this 
requirement. Inspection by the user of this type of 
hob is also more difficult. 

One of the most important advantages of using the 
involute form is that a hob of a given pitch will cut 
a spline of any standard pitch diameter for that 
pitch, whereas a hob for a parallel-key spline will 
cut only the piece for which it was designed. This 
could amount to a considerable saving in tool cost 
where it is necessary to cut several different diam- 
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Fig. 2—The oblique feed of the hob slide on the Barbev- 

Colman No. 16-11 hobbing machine is the distinguishing 

feature which allows it to cut taper-root splines. It can be 

seen that the long teeth of the hob have already cut the 

outer end of the spline to full depth while the short teeth 
will finish the keys at the inner end of the taper 


eters of the same diametral pitch. 

Of comparable importance is the fact that an in- 
volute-spline hob can be used to produce all three 
classes of fits on both major diameter and side bear- 
ing applications. The class of fit for side bearing 
is controlled by varying the depth of cut. A different 
hob is required for fillet root type and flat root types. 
A hob with a shorter depth of form is required for 
the seldom-used minor diameter bearing. The class 
of fit for a mincr diameter bearing is controlled by 
varying the size of the hole in the internal splined 
member. 

Many parallel-key splines require a hob with long 


Types of Splines 


Parallel-Key Spline: Straight-sided key with the 
sides of the key parallel and the root parallel to the 
axis. 

Parallel-Key, Taper-Root Spline: Straight-sided 
key with the sides of the key parallel and the root at 
an angle with the axis. 

Involute Spine: 30-degree involute form on the 
sides of the key and the root parallel to the axis. 
All bas'c dimensions are based on 1/2 diametral pitch. 
Tooth size is designated by a pair of numbers such as 
1/2, 2/4, etc. Number of teeth divided by the first 
digit equals the pitch diameter; the reciprocal of 
the second digit equals the addendum or dedendum, 
which are equal. 

Involute Taper-Root Spline: 30-degree involute 
form on the sides of the key and the root ot an angle 
with the axis. All basic dimensions are based on 1/2 
diametral pitch, as with the involute spline. 
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protuberances on each tooth to imsure that the 
straight portion of the side of the key will extend to 
the required depth. These protuberances are subject 
to rapid wear and cutting hazards. Standard in- 
volute spline hobs do not have protuberances, which 
greatly increases the number of workpieces between 
sharpenings as well as the total life of the hob. 

Special hobs with a tapered outside diameter are 
required to cut involute taper-root splines, Fig. 2. A 
single hob will cut any standard pitch diameter of 
the same pitch and any conventional included angle. 
All classes of fits can be cut with the same hob and, 
of course, a minor diameter bearing will be used in 
all cases. 


Internal Member Broached or Shaped 


A 30-degree involute broach or shaper cutter is 
used to process internal splines for all types and 
classes of fits as well as for parallel-root and taper- 
root splines. A different broach or shaper cutter is 
required for fillet root type and flat root type. The 
shaper cutter can be used for cutting any number of 
teeth of the same diametral pitch while a broach will 
cut only the number of teeth for which it was de- 
signed. Broaches are usually used only on large pro- 
duction jobs. The broach or cutter has a ramp or 
minor diameter chamfer inside the true involute form 
which produces the required clearance for the fillet 
on the external member. 


STRENGTH ADVANTAGES OF TAPER-ROOT DESIGN: 
The 30-degree involute spline has inherent strength 
advantages over the parallel-key design. The tooth 
has maximum strength through the minor diameter 
where it is actually needed most. The minor diam- 
eter of an involute spline is usually greater than 
that of a parallel-key spline of the same outside di- 
ameter. This is because the stub-tooth form is con- 
siderably shorter than the parallel-key form. Under 
the new standard,* it is possible to increase the 
number of teeth while maintaining the original ma- 
jor diameter. This increases the torsional capacity 


of the shaft because the minor diameter increases as f 


the number of teeth increases. 

Because the depth of the taper-root spline is re- 
duced to zero at the large end of the taper, the tor- 
sional strength of the shaft is greater than for thé 
parallel-root design. In fact, the strength of a taper- 
root involute splined shaft is approximately equal to 
that of a solid shaft with a diameter equal to the 
pitch diameter of the spline. 


DESIGN OF TAPER-ROOT SPLINES: The strength of 
the spline teeth is not always a vital factor to con- 
sider in the design of a taper spline. If a taper-root 
involute spline is to replace a taper-root parallel-key 
svline, the same length of involute spline can be used 
because it is stronger than the parallel-key design. 
In many cases, the design has dictated a shaft much 
larger than the maximum load (with an adequate 
safety factor) would require. Here, a taper-root in- 
volute spline of the same length as a parallel-root 
involute spline should be satisfactory. Also, it should 
be remembered that the torsional capacity of the 


* SAE Handbook, 1950. 
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shaft is greater with the taper-root involute spline 
than with any other spline. 

However, there are many new applications where 
the spline must carry the full torsional capacity of 
the shaft. To furnish a basis for determining the 
length of the spline which will handle this load, a 
strength formula for the taper-root involute spline 
has been developed. 

Determining Spline Length: The derivation of the 
formula for figuring the length of a parallel-root in- 
volute spline can be found in any recent edition of 
the SAE Handbook. Based upon the bearing com- 
pressive torsional strength capacity of the shaft, bear- 
ing stress and torsional shear stress, the formula 
which applies te most involute splined shafts is (see 
Nomenclature ) 


L = D,3/D? 


Fig. 3 illustrates the basic assumptions from which 
the formula is derived for figuring the length of key 
that will apply to most taper-root involute splined 
shafts. As can be seen in Fig. 3, the height of con- 
tact on the tooth is 
0.9h = 0.9D/N 


The total height of the tooth having been established 
equal to D/N, the reciprocal of the diametral pitch. 
The area in compressive stress for one tooth becomes, 
from Fig. 3, 


A, = % (0.9h) (0.9L) = 0.405DL/N 
or for purposes of simplication 
A, = 2DL/5N (approximately) 
The torque which a taper spline will deliver 





a 





MACHINE DESIGN—January, 19F1 














Nomenclature 


Q = Torsional moment, Ib-in. 

Q. = Torque based on compressive stress, Ib-in. 

Q, = Torque based on shear stress, Ib-in. 

S, = Allowable torsional shear stress, psi 

S,. = Allowable compressive bearing stress, psi 

D = Pitch diameter of spline, in. 
D, = Minor diameter of spline, in. 
A, = Area in compressive stress for one tooth, sq in. 
A, = Area in shear stress for one tooth, sq in. 

T = Maximum width of inclined section at pitch line, 

in. 

N = Number of teeth 

L = Length of spline, in. 

h = Height of tooth, in. 





based on compressive tooth stress, with each tooth 
carrying its share of the load, is 
8.ND(2DL/5N) 8.D*L 


c= oe Gee , gk dee ete sialon 1 
Q : ; (1) 





The area in shear at the pitch line in a parallel- 
root spline is rDL/2. In an involute taper spline, 
the area in shear is A, as shown in Fig. 4. 


A, = 05TL + % (T + 0.67) (0.5L) = 0.9TL 


With an allowance for the chamfer and relief at the 
top and bottom of the tooth, the effective length will 
be reduced to 0.8L, Fig. 3. Therefore, the actual 
area in shear in one tooth is 


A, = 0.8(0.9TL) = 0.72TL 


The total area in shear in a complete spline having 


119 





N teeth is therefore 0.72NTL, assuming perfect con- 
tact. Since NTL = xDL/2, 


0.727DL 


A,N = = 0.367DL 


The torque in shear on a tapered spline becomes 
Q. = 0.367DLS,D/2 = 0.187D28,L ............-.. (2) 


Equating the torques in compression and shear, 
Equations 1 and 2, 


8,D°L 


0.18¢D98,L = —— 


from which the ratio of actual stress is 


8, D?L 


——— EF ————— = OTEE 
8. 5(0.187D2L) 


If the allowable shear stress is 60 per cent of the 
tensile ultimate strength, and the allowable com- 
pressive stress is 140 per cent, the desired ratio is 


8,/S, = 60/140 = 0.428 
Dividing this ratio by the ratio of actual stresses, 
0.428 /0.354 = 1.21 


which is the allowable/actual ratio. It can be seen 
that for a specified allowable shear stress, the ac- 
companying compression stress exceeds that permis- 
sible. Hence the compressive stress, rather than the 
shear stress, is critical. 

Since a parallel-root involute spline is stronger 
than a plain shaft the diameter of which is equal 
to the root diameter of the splined shaft, it would 
be conservative to evaluate the torque capacity of 
a tapered spline shaft as 


er rr a 
Setting Equations 2 and 3 equal and solving for L. 


0.187D28,L = 7D,38,/16 


L = D,3/2.88D2 
This length is based upon shear stress, but since 


Fig. 5—The length of the hub is equal to the length of spline plus the draw. Amount of draw is a function of type 


the compressive stress is the critical stress, L must 
be multiplied by 1.21, the allowable/actual stress 
ratio. The corrected length based on the critical com. | 
pressive stress becomes. 


L = 1.21D,3/2.88D2 = 0.420 D,3/D2 ............... (4) 


This equation for determining the length of spline | 
applies only under ideal conditions. Since perfect | 
parts cannot be made and since spacing errors will 
cause the load to be concentrated on a few teeth 
at first, it is well to allow for such eventualities. 

Using the same safety factor of 4 which is used 
in the SAE Hamdbook for parallel-root involute 
splines, the length becomes 


I clara iritanrs ice kw 50's Wed oe a ee (5) 


This safety factor should be large enough to com- 
pensate for errors in spacing, other inaccuracies in 
machining, type of material, surface finish, ete. 
Thus, it appears that an involute taper spline should 
be longer than a similar parallel-root involute spline | 
if it is to carry the full torsional capacity of the | 
shaft. 

This does not necessarily mean that the taper 
spline must be 1.680 times as long as the parallel- 
root involute spline. The numerical factor remains 
constant, but D,°D? is a variable which decreases 
as the diametral pitch becomes coarser. Ordinarily, 
the outside diameter of the shaft and the amount of | 
taper per foot for the root of the spline are establishec 
by the design and the application. However, the di-; 
ametral pitch can be varied to accommodate these) 
fixed elements. 

Determining Taper and Other Details: The taper: 
root involute spline requires certain elements of de- 
sign which are not encountered with parallel-root! 
splines. To be considered in addition to the length of | 
the splined shaft are factors such as amount of taper, | 
ratio of depth to length, standard dimensions to be 
used, etc. 

These splines are engineered from a basic plane 
located from a gaging shoulder on the part. A land 
or flat should be provided at the small end of the, 


| 





of material, hardness of the material, rate of taper and amount of pressure used to draw the hub onto the spline | 
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tapered hole to serve as a guide for the pilot of 
the broach. All processing of the internal member 
is gaged from this land. 

There is no rule for determining the amount of 
taper for the root of the spline. The normal rate 
is 144 inches per foot (included angle). This provides 
a good base for an assembly which does not have 
to be easily removed and normally provides enough 
length so that the spline keys will be strong enough 
to carry the full torsional capacity of the shaft. It 
might be called a semipermanent fit since the hub 
can be removed, but not too easily. It is also satis- 
factory for drawing the hub onto the spline to take 
up any wear. | 


Taper To Suit Design 


As the amount of taper is increased, it becomes 
easier to remove the hub. For parts which must be 
easily removed, a taper of 3 inches per foot (includ- 
ed angle) is often recommended. It must be con- 
sidered, however, that this amount of taper will 
seldom allow length enough so that the spline will 
carry the full torsional capacity of the shaft. In this 
case, the shaft will have to be considerably larger 
than one required to carry the maximum load times 
the safety factor. It is often possible to change the 
amount of taper slightly to suit other desired design 





requirements which cannot be met in any other way. 
Typical included tapers used range from 1% to 4 
inches per foot in 44-inch increments. 

Since the length of cut also depends upon the 
depth of cut, spline length is approximately inversely 
proportional to the pitch. For example, the length 
of cut for an 8/16-pitch spline would be approximately 
one-half that for a 4/8-pitch spline. 

The amount of draw is the distance which the 
spline will move from a light fit until it is drawn 
up tightly on the hub. The purpose is to prevent 
the spline from extending beyond the hub. The 
amount depends upon the type of material, the hard- 
ness of the material, the rate of taper and the 
amount of pressure which is used to draw the spline 
onto the tapered root of the hub. If wear is to be 
taken up on the taper, the amount of wear will have 
to be estimated so that it can be added to the amount 
of draw. If the actual amount of draw should ex- 
ceed the amount anticipated in the design, a washer 
could be inserted between the hub and the nut so 
that wear could still be taken up on the taper. 

Either the flat root or full fillet type tooth may 
be used in the internal member of the taper-root 
spline. The external member, however, must be 
confined to the flat root application in order to pro- 
duce as great a root bearing as possible as well as 
to minimize the engineering procedure. 





Tests Prove Compressor Efficiency 


NUSUALLY high efficiency is one of the char- 
acteristics of the Junkers free-piston diesel air 
compressor used aboard German destroyers and sub- 
marines during the war as a source of high-pressure 
air and shown in the accompanying photograph. Tests 
at the U. S. Naval Engineering Experiment Station at 
Annapolis, Md., have shown the unit to be reliable and 
well suited to shipboard installations. The free-piston 
compressor differs radically from the conventional type 
in that there is no crankshaft or flywheel. Recipro- 
cating motion is obtained from the energy of com- 
bustion in one direction and from the potential energy 


Free-Piston Versus Conventional Compressors 





Junkers Mfg. A Mfg.B Mfg.C Mfg. D 














Compressor strokes/min. . 877 550 545 300 300 
Total weight, Ib ........ 1210 4120 5176 6447 8547 
Working pressure, psi... 2700 3000 3000 2500 3000 
Capacity, cfm @ 80 F 

GD BB.F PO ccccesc. 55.93 69.04 68.03 81.48 75.77 
Weight, Ib/cfm of air... 21.6 59.7 76.1 79.1 112.8 
Fuel consumption, Ib/hr. 17.36 22.49 22.69 20.54 22.01 
Cu ft air/Ib of fuel ..... 193.3 184.2 179.9 238.0 206.6 

of the compressed air in the other direction. Power 


is obtained from a horizentally-arranged, opposed- 
piston, two-cycle, uniflow diesel engine. The two pis- 





MACHINE DESIGN—January, 1951 








tons are synchronized by means of two sets of racks 
which operate on two fixed pinions located at the 
center of the machine. The pinions act as drives for 
the accessory pumps. 

The accompanying comparison of the Junkers unit 
with various other compressors of similar capacity and 
discharge pressure shows it to be light and efficient 
and to have a high output for its weight and volume. 
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UTSTANDING strides in the design of machines and equipment for the 
printing industry are noteworthy, especially with respect to refinements 
making possible higher production speeds and better quality work. Re- 


ciprocating mechanisms have in some cases yielded to continuous motion. Shapes 
and forms have been styled pleasingly without sacrificing accessibility. New 
machines developed for offset printing make the process more direct, more eco- 
nomical and faster while improving the quality of the product. This review 
illustrates the trends evident in new equipment for the printing industry as 
shown at the recent Graphic Arts Exposition in Chicago. 


Composing Machine Employs Photographic Principle 


HOTOGRAPHIC line composing machine, below, 
produces justified composition directly on film or 
photographic paper so that plates for offset gravure 
or letterpress printing can be made from the photo- 
graphic composition using standard platemaking 








methods. This machine obviates the usual processes 
of type casting and proofing, eliminating the usual 
losses through these intermediary processes before 
making a photographic copy. Made by Intertype 
Corp., this Fotosetter uses the circulating matrix 
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principle of linecasting machines but replaces the 
metal pot with a camera. The Fotomat or matrix, 
instead of carrying a character mold in its edge, has 
a transparent character imbedded in its face, as 
in the drawing, previous page. As in standard line- 
casting machines, matrices are assembled in any line 
length under 42 picas, and lines measured for justi- 
fication. The camera then photographs the projected 
images of the matrices one at a time, with proper 
justifying space automatically distributed between 
words and characters as desired. The film carriage, 
photograph below, drops by gravity each time a 
matrix is fed into the camera. Proper spacing is 


FOTOSETTER | 
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obtained by racks and a gear train controlled by the 
thickness of each character as shown in the drawing, 
and by a cam mechanism which compensates for short 
lines. Each matrix is held stationary before the lens 
while the exposure is made to provide a clear image. 
After a line has been completely photographed, the 
film advances automatically to give any preset line 
spacing up to 36 points. Eight lenses mounted in a 
rotating turret, combined with the four magazines, 
give 32 different type face sizes without changing 
magazines. 


Machine Rules Lines 


on Forms 


NEW machine, below, rules fine lines and leader 

lines for form work and sets justified copy for 
these forms in the same operation. Made by Ralph 
C. Coxhead Corp., the DSJ Forms Design machine 
rules single or double lines in dots-or dashes. The 
method of inscribing a line is the same as imprinting 
any character on the font. The type of line to be in- 
scribed is selected by depressing its key and the im- 
pression button, the character automatically repeat- 
ing until the line is formed. Length of the line is 
predetermined by stops. Width of the spaces be- 
tween lines can be varied and adjusted to any de- 
sired spacing chosen according to the printer’s point- 
leading system. When the carriage is returned for 
the next line-ruling the uniform width-spacing is au- 
tomatically set. 








Press Bed 
Driven by 


Eccentric Gearing 


OLLCURVE gearing, an innovation in press 

drives, reciprocates the bed in the No. 29 Let- 
terpress, avove, made by Miehle Printing Press & 
Manufacturing Co. All gear trains in the drive op- 
erate at the same angular speed with the exception of 
the bed drive gear assembly, which oscillates. Prin- 
ciple of the unusual drive is the use of rollcurve gears 
and cams shown in the illustration, right. The gear 
train is shown in the rapid-return part of the cycle. 
At the beginning of the return stroke, the return cams 
have contacted cam followers on the bed-drive gear 
shaft to position the eccentric drive gear with the 
heart-shaped gear which is being driven in a clock- 
wise direction. The illustration shows the drive at 
the midpoint of’ the rapid-return stroke. The return 
rollcurve gearing provides for equal periods of ac- 
celeration and deceleration with no unnecessary con- 
stant-speed period. 

After the return stroke is completed, the cam fol- 
lowers on the bed drive gear shaft contact cams 
(partly shown) on the cylinder drive gear shaft as- 
sembly to engage the gears for the priut stroke. 
This gearing drives the bed in the printing direction, 
providing a short acceleration pe iod, then a longer 
constant-speed printing period ending with a short 
deceleration. Exact rolling contact is maintained 
between the impression cylinder and bed during this 
printing period because both are driven from the main 
drive shaft. The press bed is driven from the bed 
drive shaft through a conventional rack-and-gear ar- 
rangement. This press handles a maximum sheet 
size of 22 by 28 inches at 4500 impressions per hour. 


Bed Rapid-return : Cylinder gear 
drive geor vy ‘ 


Follower for return 
\stroke positioning 


Bed drive ges 
shoft om 





Bed feed drive gear 


Type Variety Increased in Justifying Composer 


HE Lithotype Composer manufactured by the 

Fairchild Camera and Instrument Corp., top of 
next page, combines extreme flexibility in the selec- 
tion of conventional printing type faces with the 
economy of standard typewriter operation. It pro- 
vides type composition for all forms of photo-offset 
reproduction and also may be used to advantage in 
certain types of letterpress work. Type is mounted 
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on magnesium-alloy wheels in two rows permitting 
combinations of different type facc>. These type 
wheels may be readily changed and damaged or worn 
characters may be quickly replaced. 

The impression on the work sheet is made by the 
carriage being moved forward to the typewheel. The 
work sheet—which may be white-coated paper, a 
paper offset plate or an aluminum offset plate—is 
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backed by a flat nylon bar in the printing area and, 
since the type is also flat, the impression is uni- 
form from top to bottom of each character. The 
drive arm which moves the carriage to and from the 
typewheel or print position, view with cover removed, 
above, is actuated by a cam fixed to a one-revolution 
shaft. The amount of travel is governed by the 
throw of the cam; however, pressure adjustments 
between the type wheel and carriage are made by 
rotating the pressure knob to one of ten positions. 
This knob rotates an eccentric in the end of the drive 
arms which, in effect, lengthens or shortens the drive 
arm by the amount of eccentricity. Position of the 
carriage-drive toggles also changes when the ad- 
justment is made and the print position of the car- 
riage or impression changes automatically. 
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Timing sequence for the various operations after 
a key is depressed are fixed with relition to each 
other. When a key is depressed, a stop lever en- 
gages the particular cam on the main camshaft, stop- 
ping the typewheel, which is geared to the camshaft, 
in approximate position for the character. The stop 
lever also trips the one-revolution clutch. As the 
shaft rotates, the register bolt engages a register 
wheel at the lower end of the typewheel shaft and 
locates the character on the typewheel in the exact 
printing position. Then the carriage drive cam moves 
the carriage forward to make an impresion and re- 
turns. The space cam then releases an arm carrying 
pawls which pick up the correct number of teeth or 
units on the space ratchet wheel for the character 
printed. 


Makeready Simplified 
in Cylinder Press 


CCESSIBILITY of type on the press bed, high 

speed and modern styling are features of the 
Chandler & Price Co. cylinder press illustrated at the 
left. With a speed of 2200 to 4800 impressions per 
hour in sheet sizes from 1214 by 1812 inches down 
to 314 by 5 inches—onion skin to 4-ply cardboard— 
the press is adaptable to long or short-run work. 
Sheets are vacuum-registered accurately with a mi- 
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crometer side adjustment before being transferred 
to the cylinder. The cyinder is completely acces- 
sible for makeready without removing any press parts 
and, when the press is open, the type form is ex- 
posed and can be unlocked and relocked for making 
changes directly on the press bed. Photograph with 
the hinged roller carriage lifted, left, shows the 10 
distribution rollers from fountain to form, including 
two form rollers, three vibrators and two distribu- 
tors. Simplified operating controls are grouped on 
the working side of the press for convenience of the 
operator. 


Photo-Composer Simplifies 


Offset Printing 


PERATING on a modified Linotype principle, 

the two-magazine Linofilm photo-composing ma- 
chine, left, produces up to eight lines of filmed copy 
per minute. The machine is similar to the conven- 
tional linecasting machines insofar as distribution, 
storage, shape of matrices and line justification are 
concerned. However, the usual molding equipment 
has been replaced by a camera that photographs an 
entire line at a time. Either film or paper with black 
characters on a clear background are produced for 
making plates or gravure cylinders. Operating on 
12-point, two-letter matrices, the machine reduces or 
magnifies this type to give 12 sizes from 6 to 36- 
point. Spacing between lines is variable between 1 
and 12 points. Developed by Mergenthaler Linotype 
Co., the machine also includes a stop to prevent the 
last line photographed from being redistributed until 
composition is resumed. 


Press Drive 


Permits 


Higher Speeds 


ERSATILITY is the keynote of the new Model 6 

Little Giant press, left, which handles any stock 
from onion skin to 0.018-inch, 4-ply at speeds between 
2500 and 5000 impressions per hour. Eight feeder 
suckers and three blast pipes give improved sheet 
pickup and a new form roller arrangement, including 
three form rolls, three vibrators and two distributor 
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rollers, gives better ink distribution. A new cylin- 
der and bed drive incorporates a slide ball bearing 
instead of a direct connection between crank arm and 
the driving gear.. The photograph, above, and draw- 
ing, right, show details of this. drive which permits 
higher speeds and a smoother motion than was pre- 
viously possible. Made by American Type Founders, 
the press includes stepless speed variation obtained 
from a variable-speed pulley, belted to a 2-hp motor. 


Platen Press Has 


Rotating Feeder 


N UNUSUAL two-arm, propeller type sheet 

feeder is one of the interesting features of the 
12 by 18 Original Heidelberg automatic platen press 
shown at the right. The feeder arm mechanism is 
attached to the pivoted platen, with the arms rotat- 
ing in a plane parallel to the plane of the platen. 
Sheets are separated from the stock pile by air blasts 
from three sides, then grippers on the feeder arms 
pick up the sheets and pull them into the open press. 
After the impression has been made, the same arm 
picks up the printed sheet and pivots, pulling the 
sheet to the delivery pile. An outstanding feature 
of this press is the built-in roller washer which au- 
tomatically cleans ali the rolls in one minute. A lever 
disconnects all rollers simultaneously, eliminating 
time formerly required to take out individual rolls 
when the press is down. Any speed between 1300 
and 4000 impressions per hour is obtainable and a 
toggle lever arrangement gives adjustable impression 
pressures up to 60 tons for die-cutting or embossing. 
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Detector Checks Collator Gathering 


IMPLICITY is the design feature of the Macey 

collator, above, capable of gathering 25,000 sheets 
an hour into sets of eight. Manufactured by Harris- 
Seybold Co., the collator uses suction to pick up, si- 
multaneously separating sheets from others in the 
pile with a blast of compressed air. As an additional 
precaution, an automatic detector checks each com- 
pleted set, stopping the machine if there is an extra 
sheet or if one is missing. Built on the conveyor 
principle, the collator consists of eight hoppers or 
stations facing a slanted stainless steel tray. Each 
station will accommodate a stack of paper 11% 
inches high, about 3000 sheets of 20-pound stock. Al- 








though the machine will collate up to eight sheets per 
set, individual stations can be turned off and any num- 
ber of sheets from two to eight can be gathered. Max- 
imum sheet size is 914 x 12 inches with a minimum of 
5 x 81% inches. The machine handles stock ranging 
from 9 pound to \-inch cardboard, both plain and 
punched. Stations are individually self-leveling, keep- 
ing the top sheet at proper height for separating and 
feeding regardless of weight of stock. Drive to the 
sheet feed mechanism is through a pivoted rocker 
arm driven by a cam and closed cam track in the 
flywheel. A separate motor drives an air pump for 
sheet separation and suction pickup. 


Proof Press 


Uses 


Continuous Motion 


ONTINUOUS one-way movement of impression 

and ink rollers in the proof press, left, replaces 
the usual reciprocating motion of impression cylinder 
and rollers. Four ink rolls and one impresion roller 
are carried by continuous roller chain driven through 
variable-pitch sheaves at from 25 to 50 impressions 
per minute. Rollers are held in contact with the type at 
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the correct pressure by spring-loaded upper guide bars, drawing above. 
Lower guide bars, underneath the bed of the press, hold the impression 
roller out of contact with the rotating ink distributer plate while guiding 
the ink rollers into contact with the plate. Controls stop the press after 
each cycle to prevent overrun of the impression and ink rolls. If desired, 
the automatic stop controls can be bypassed to give continuous operation 
of this press which is built by Wesel Manufacturing Co. 


DESIGN 


Reader Unit Automatically Justifies Copy 
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COMPOSING machine that 

automatically produces 
justified lines with one manual 
keyboarding is illustrated at the 
left. Developed by Commercial 
Controls Corp., the Justowriter 
consists of two companion 
units, a recorder and a repro- 
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ducer. The combination is basically a proportional- 
spacing, electrically-powered machine with standard 
typewriter keyboards. The product is a justified page 
or galley in a 12 point type face especially suited to 
offset reproduction. Characters and spaces are re- 
produced at the rate of ten or n:ore a second. Actual 
automatic production on the justified copy machine 
is at least 20,000 characters per hour. 

The recorder automatically perforates codes in a 
narrow tape as the copy is originally typed by the 
operator. As each line is typed, a light controlled 
by a computer mechanism indicates when a line is of 
sufficient length and has sufficient number of word 
spaces to permit justification. .Then a justification 
key is pressed to perforate the tape with an inter- 
locking code followed by a justification code selected 
by the computer mechanism. When the tape is trav- 





eling through the reproducer the justification code is 
sensed, before starting to type each line, by the rear 
unit in the double reader. This reader consists of two 
independent sections, photo bottom right, previous 
page, operating at spaced points along the same tape. 
The front section is for reading and controlling the 
automatic printing mechanism. 

In operation the rear reader section starts and 
reads until it finds and stores a justification code, 
whereupon the front reader section is automatically 
started to type the line. As the line is being typed, 
hoth reader sections are operating. If the rear sec- 
tion reaches an interlocking code before the front 
section has finished the line, the rear section stops 
automatically at that point. Similarly the front sec- 
tion will stop automatically if it finishes a line before 
the rear section has reached the interlocking code 
for the next line. In this manner the two sections of 
the double reader of the Justowriter reproducer are so 
interlocked that the justification control for each line 
is always established from the tape before typing of 
that line is started regardles of variations in rela- 
tive lengths of lines. 


Offset Press Features Ease of Adjustment 


ESIGN advances in the Harris-Seyboid Co. 17 by 

22-inch offset press shown below increase ac- 
curacy of register and operating convenience at speeds 
to 7000 sheets per hour. Stream or single sheet-by- 
sheet feed is optional, with automatic slow-down at 
the front guides. The press is driven through the 
delivery cylinder to provide an even flow of power 
to the printing and inking mechanisms. To allow 


free access to the registering mechanism and to the 
dampeners, the fountain slides back seven inches from 


HARAIS 
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the printing position. The photograph of the back of 
the press with the guards removed, below, shows the 
20 rollers between fountain and plate that assure 
smooth lay of tacky inks. A pinion and internal gear 
are used to rotate the plate cylinder (seen behind the 
chain at the right center of the closeup photograph) 
independently of the drive gear to change or adjust 
the front lay. Four form rollers are accessible for 
adjustments from outside the press, facilitating the 
makeready operation. 
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HOCK resistance concepts require not only that 
S equipment remain free from damage that pre- 

vents it from performing its intended function, 
but also that the equipment operate properly during 
and after the shock. Mechanisms must necessarily 
be designed so as not to be accidentally operated as 
a result of shock. This second of a two-part series 
sets forth several basic principles which contribute 
toward attaining this condition. 

BALANCED MECHANISMS—ONE PIvoT: When ma- 
chinery is subjected to an acceleration, the movable 
members tend to remain stationary in space because 
of their inertia. The chassis moves in response to the 
applied acceleration, and relative motion tends to de- 
velop between the chassis and the movable members, 
causing maloperation of the equipment. 


Information for these articles has been provided by the Bureau of 
Ships, Department of Navy. 





Moving 
contact 
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SHOCK RESISTANCE 
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In mechanisms embodying one pivot, static bal- 
ancing of the mechanism with respect to this pivot 
will prevent maloperation from accelerations having 
only translatory components. A mechanism in static 
balance has equal products of mass and moment arm 
on opposite sides of the pivot. When the equipment 
is subjected to translatory acceleration, the resultant 
of the couples created by the inertia forces is then 
equal to zero, and there is no tendency for accidental 
movement of the mechanism relative to the chassis to 
take place. 

An example of a statically balanced mechanism 
with a single pivot is a circular type rheostat, shown 
schematically in Fig. 15. The resistance element is 
wound upon an annular form with the moving con- 
tact carried on the end of an arm pivoted at the geo- 
metric center of the resistance element. A counter- 
balance is provided to balance the arm statically with 


Fig. 15—Left—Circular type rheostat with statically-bal- 
© Pe “ 


Fig. 16~-Below—Static bolance mechanism using: Identical 
members moving in opposite directions 
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Fig. 17—Left—Perspective and schematic views 
of statically-balanced contactor mechanism 


Fig. 18—Below—Multiple-pivot balance mechan- 
ism for balancing against rotational accele- 
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respect to its pivot. The arm has weight W,, whose 
center of gravity is at radius r, with respect to the 
pivot. The counterweight W. is located at a radius 
r.. If the rbheostat is now subjected to a transla- 
tory acceleration: d*x2/dt? in the x direction, which 
is at any angle @ with the direction of the arm, the 
resultant inertia couple M acting on the arm may be 
written 


W, @x ae 
r, sin @ 


dt? 


W, 
re sin @ — - (1) 


Ms. 

g9 dt 9g 
If the position of the arm is not to change, it is nec- 
essary that the couple M be zero at all times. Divid- 
ing both sides of Equation 1 by (d?x/dt?) (siné)/g, 
and setting M equal to zero, 


Wore 


= Wir; (2) 


The criterion given by Equation 2 is that for the 
static balance of a single pivot mechanism. It may 
be extended to an arm comprised of any number of 
discrete weights. The physical significance of the 
criterion is that the axis of rotation must pass 
through the center of gravity of the arm. It should 
be noted that Equation 2 is independent of the angle 
6, and therefore applies to all accelerations comprised 
only of translatory components. 

This same principle is illustrated by the mechanism 
shown in Fig. 16, which includes two identical hori- 
zontally movable members with a pin attached to 
each of the members and extending into a well in the 
disk. The disk rotates with respect to a fixed pivot, 
with the moving members constrained to move hori- 
zontally. It is evident from the mechanism that any 
motion of the upper member toward the left cannot 
occur without an equal motion of the lower member 
to the right. An acceleration of the entire equip- 
ment toward the left, for example, introduces right- 
wardly directed inertia forces associated with both 
members. The constraints of the mechanism prevent 
both members moving to the right simultaneously. 
As a result, no relative motion takes place and the 
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mechanism becomes unresponsive to translatory ac- 
celerations. 

Static balance principles also find application in 
the contactor illustrated schematically by the per- 
spective view of Fig. 17. The contactor is operated 
by energizing a solenoid and the resulting magnetic 
force induces a motion of the armature, which is 
changed by a shaft and crank to rotational motion 
of the pinion segment. The pinion engages a rack 
which carries the electrical contacts, the rack being 
moved generally parallel with the armature but al- 
ways in the reverse direction. 

Inertia forces which influence the response of the 
contactor to shock are shown in Fig. 17, in the 
view in a plane perpendicular to the shaft. Assume 
the contactor to experience a rightwardly directed 
translatory acceleration of magnitude d?x/dt?. The 
inertia forces associated with the various massive 
elements, all directed toward the left, are indicated 
by the arrows in Fig. 17. If the contactor is to re- 
main unresponsive to the acceleration d*x/dt?, the 
resultant of the moments of the inertia forces taken 
with respect to the shaft must be zero. This is indi- 
cated mathematically, after dividing all terms of the 
equation by the acceleration, as W,y, = Wa¥a + W.Ye, 
where W,, W, and W, are the weights of the com- 
ponents and y,, yz and y, are scalar distances from 
the shaft to the centers of gravity of the respective 
components. 


BALANCED MECHANISMS—MULTIPLE Pivots: It has 
been shown that a statically balanced lever or mech- 
anism does not respond to accelerations comprising 
only translatory components. This static balance is 
sufficient for many applications. For special condi- 
tions, a mechanism may be required to remain un- 
responsive to acceleration having rotational compo- 
nents. Assume the rheostat in Fig. 15 to be sub- 
jected to a rotational acceleration, as a result of 
which it experiences rotational displacement. The 
inertia of the contact arm causes it to tend to remain 
stationary in space, and its position with respect to 
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Fig. 19—Overcentering contactor shown in open and 
closed positions, with contact arm displacement curve 
shown at the right 


the resistance element is altered. This is characteris- 
tic of single-pivot mechanisms in general, and all of 
those illustrated in the preceding can be shown to be 
vulnerable to rotational acceleration about some 
axis of rotation. 

Accelerations experienced by equipment generally 
can be resolved into (1) rotational acceleration about 
any arbitrarily selected axis and (2) translatory ac- 
celeration equal to the resultant acceleration of the 
selected axis. The requirements for a completely 
shock-resistant mechanism may now be formulated: 


1. The mechanism must be statically balanced. Inertia 
forces and couples resulting from the translatory 
component of the acceleration are then balanced, 
and there is no tendency for the elements of the 
mechanism to be displaced. 


2. The inertia forces and couples resulting from ro- 
tational acceleration about any axis must have no 
resultant which tends to displace elements of the 
mechanism. This condition can be proved by se- 
lecting any convenient axis, and computing the 
forces and couples acting on elements of the 
mechanism when the entire mechanism is ac- 
celerated about this axis. If the resultant of these 
forces and couples is zero, the mechanism is un- 
responsive to rotational acceleration about any 
axis, provided the requirements for static bal- 
ance are satisfied. 


These principles are best illustrated by an example, 
shown schematically in Fig. 18. The mechanism has 
two horizontally movable armatures of equal mass, 
which are the only elements having appreciable mass. 
Two bell cranks pivoted on fixed trunnions engage the 
armatures by means of pins. The opposite ends of 
the bell cranks are anchored together by means of 
another pin which moves in a slot in one of the bell 
cranks. The system is thus substantially symmet- 
rical with respect to a vertical plane perpendicular 
to the paper. Since a rightward motion of one arma- 


ture requires an equal leftward motion of the other 
armature, the mechanism is statically balanced. The 
mechanism thus meets the first of the two preceding 
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Fig. 20--Magnetic type contactor latch actuated 
by electromagnet in contactor 
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requirements and is unresponsive to translatory ac- 
celerations. Its response to rotational acceleration 
will now be investigated. 

As indicated previously, there will be no response 
to rotational acceleration if a single axis of rotation 
can be found about which the inertia forces and 
couples have no tendency to displace elements of the 
mechanism. It can be readily shown that the axis 
indicated in Fig. 18 satisfies this requirement. If 
the rotational acceleration of the equipment is coun- 
terclockwise, as indicated by the arrow, the inertia 
forces associated with the massive armatures will be 
directed vertically, as indicated by the arrows. In- 
asmuch as the armatures are constrained to move 
only horizontally, there is no tendency for the mech- 
anism to be displaced by the inertia forces resulting 
from the rotational acceleration. 


Idealization Justified in Some Mechanisms 


It should be noted that the acceleration referred 
to in the preceding paragraph is tangential, resulting 
from angular acceleration about the axis of rotation. 
If the angular velocity should become appreciably 
great, centrifugal forces then act upon the armatures. 
These forces are directed outwardly from the axis 
and tend to cause displacement of the moving ele- 
ments of the mechanism. 

In the preceding examples, the mechanisms are 
idealized as elements of large mass connected by ele- 
ments assumed to be massless. This idealization is 
reasonably justified in certain types of mechanisms. 
In other mechanisms, the mass is distributed and an 
accurate simulation of the mechanism requires that 
masses be assigned to all elements in order to analyze 
the response to accelerations. No general rule can be 
stated in this respect. The designer must determine, 
in each instance, the extent to which massive ele- 
ments of the mechanism may be considered massless. 

Only in special cases do shock motions include ro- 
tational components of appreciable magnitude. The 
majority of mechanisms can be statically balanced 
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to a fair degree, and therefore will be unresponsive 
to the predominant number of translatory shocks en- 
countered under normal circumstances. A mechanism 
with a single pivot generally cannot be made unre- 
sponsive to rotational acceleration. It is necessary 
to employ at least two pivots for this purpose, and 
the mechanism almost inevitably becomes more com- 
plex. This greater complexity does not appear jus- 
tifiable, unless it is known that the shock motion to 
which the equipment will be subjected embodies ro- 
tational components of appreciable magnitude. 


OVERCENTERING: A technique which may be em- 
ployed on mechanisms having fixed positions of opera- 
tion is known as overcentering, consisting of setting 
a mechanism beyond the dead-center of a crank and 
against a stop. The stop prevents motion in one 
direction, while motion in the other direction is made 
improbable by the dead-center position of the crank. 
The three-pole contactor shown in the open and 
closed positions in Fig. 19, left and center, illus- 
trates this principle. The movable contacts are 
carried by an arm constrained to move only in the 
vertical direction. This arm is actuated by a crank 
and connecting rod, the contactor being opened by 
counterclockwise rotation of the crank. As the crank 
approaches lower dead-center, the arm engages 
springs which are compressed upon continued down- 
ward movement of the arm and urge the crank pin 
against the side of the lower rigid stop when in the 
open position, Fig. 19. The contactor is closed by 
clockwise rotation of the crank. Upper contacts are 
urged downward by springs and, as the crank ap- 
proaches upper dead-center, the contacts engage and 
the upper springs are compressed. As the crank 
passes dead-center, the upper springs urge the crank 
pin against the upper side of the rigid stop, as shown 
in Fig. 19, center. 

Displacement of the contact arm is shown as a 
function of crank rotation in Fig. 19, taking as a 
reference the open position of the contactor shown 
at the left. An upwardly directed inertia force act- 
ing on the arm would tend to move the arm from 
open to closed position. This cannot occur directly, 
however, as the upward motion of the arm must be 
preceded by a slight downward motion until the 
crank passes lower dead-center. It should be noted 
that only a small component of the force applied to 
the crank through the connecting rod is in the tan- 
gential direction required to cause rotation of the 
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crank. If the crank is statically balanced, there is 
only a small force tending to disturb the contactor 
from its open position. The same considerations can 
be shown to apply when the contactor is in the closed 
position. It should be noted that the mechanism rests 
against steps in its terminal positions, and that over- 
centering is therefore a useful technique only where 
the mechanism has definite operating positions. It 
is not applicable to mechanisms having continuously 
variable positions, such as the rheostat shown in 
Fig. 15. 


LATCHES: Latches of various types are in the na- 
ture of expedients used where it is impossible to at- 
tian shock resistance by balancing all moving parts 
or by overcentering. They usually add to the com- 
plexity of the equipment; their performance, particu- 
larly those of the inertia type, generally is not reli- 
able under a large variety of conditions. 


Contactor Latch Actuated by Electromagnet 


A latch may be defined as an added device which 
prevents accidental operation of a mechanism by 
obstructing the motion of one or more members of 
the mechanism. A well-designed latch should not in- 
terfere with normal operation of the mechanism, but 
should come into action when a shock occurs. Vari- 
ous ingenious means have been devised to prevent 
shock-induced maloperation of equipment. 

The magnetic type of latch, as used on contactors, 
is actuated by the electromagnet of the contactor it- 
self. A simple form of this device is illustrated 
schematically in Fig. 20. In normal operation the 
contactor is closed by energizing the solenoid. The 
magnetic attraction of the core upon the arm in- 
duces counterclockwise rotation of the arm against 
the opposing force applied by the spring, and the con- 
tact carried by the arm bridges the gap in the line. 
The contactor is shown in open position and in closed 
position in Fig. 20. If the contactor were not pro- 
vided with a latch, it could be changed from open 
to closed position by an upward acceleration suf- 
ficiently large to cause a counterclockwise inertia 
couple acting on the statically unbalanced arm ca- 
pable of overcoming the force applied by the restrain- 
ing spring. The possibility of maloperation is de- 
creased by employing a spring force as great as pos- 
sible, but this spring force must be maintained small 
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enough to be overpowered by the magnetic force dur- 
ing operation of the contactor. The arm is main- 
tained within reach of the solenoid in the open posi- 
tion by a stop. 

The latch comprises a pivoted, spring-biased iron 
lever located in a slot in the core. When the con- 
tactor is open, i.e., when the solenoid is not energized, 
a small compression spring causes the lever to re- 
main askew with respect to the longitudinal axis of 
the core, as shown in Fig. 20, thus interfering with 
any counterclockwise rotation of the arm. The con- 
tactor therefore cannot be closed without first dis- 
placing the lever. When the solenoid is energized, 
magnetic forces cause the lever to become aligned 
with the axis of the core, thereby overpowering the 
opposing compression spring within the core. In this 
new position, the lever is in alignment with a hole 
in the arm. A Fig. 20 shows, the latch does not inter- 
fere with closing of the contactor when actuated by 
the energized solenoid. It should be noted that, while 
this latch offers protection against the closing of the 
contactor, it does not prevent opening of the -con- 
tactor as a result of a downward acceleration of such 
magnitude that the clockwise inertia couple over- 
comes the magnetic force acting on the arm. 

An example of an inertia-actuated latch is illustrat- 
ed in conjunction with the contactor shown in Fig. 
21 in which an armature is located within a solenoid. 
The contactor is shown in open position in Fig. 21a, 
with the armature urged upward toward the closed 
position shown at b when the current flows in the 
solenoid. The movable contacts then engage the 
fixed contacts and close the circuit. In the absence 
of a latch, the same result could be obtained from 
an upward inertia force acting on the armature as a 
result of a large downward acceleration of the con- 
tactor. When the contactor is in the closed position, 
maloperation could result from a large upward ac- 
celeration of such magnitude that the inertia force 
would overpower the magnetic force of the solenoid 
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and open the circuit. 

Closing of the circuit in response to downward ac- 
celeration of the contactor is prevented by the latch 
shown in Fig. 21a. Operation of the latch is as fol- 
lows: A restraining member is pivoted at a point 
to the right of its center of gravity. The upward 
inertia force on the restraining member resulting 
from downward acceleration will exert a clockwise 
couple on this member. The latch thus rotates in a 
clockwise direction in opposition to the force applied 
by the tension spring and the projecting lip inter- 
feres with upward motion of the armature. 

Accidental opening of the contactor is prevented by 
a similar, but inverted, latch shown in Fig. 21b. In 
this instance, an upward acceleration will result in 
an inertia couple causing a counterclockwise rota- 
tion of the member. A lip then prevents the arma- 
ture from moving downward. 


Universal Inertia Latch 


An inertia latch which is effective under the influ- 
ence of shock motions in various directions is illus- 
trated in Fig. 22. The restraining member may func- 
tion as in Fig. 21. The latch shown in normal posi- 
tion in Fig. 22a is urged in a counterclockwise direc- 
tion by a tension spring. A chain extending left- 
wardly from the latch protrudes through an aperture 
in the fixed member and is attached to the inertia 
element. If the machine experiences a rightward ac- 
celeration, the inertia force acting on the inertia 
element separates it from the fixed member. The 
lower end of the latch thus moves to the left, and the 
lip on its upper end moves to the right in position 
to prevent maloperation of the associated mechanism. 
The latch member is statically unbalanced in such a 
manner that it rotates in a clockwise direction in re- 
sponse to a leftward acceleration. The latch is thus 
operative for any acceleration in a direction parallel 
to the chain. 

The latch is also responsive to any acceleration 
having a component directed at right angles to the 
chain. This is accomplished by forming the right end 
of the inertia element approximately spherical with 
a spherical seat in the fixed member. When the ma- 
chine experiences a downward acceleration, for ex- 
ample, the inertia force acting on the inertia element 
is upward and the element assumes: the position 
shown in Fig. 22b. This pulls the chain through the 
aperture in the fixed member, and rotates the latch 
to a position where it is capable of intercepting the 
motion of associated elements of the contactor. 

Considerable care should be exercised in attempt- 
ing to utilize inertia latches of the types illustrated 
in Figs. 21 and 22. Two independent moving ele- 
ments are employed—the armature and the latch— 
and success of the device depends upon always achiev- 
ing a faster response of the latch than of the arma- 
ture. This might be difficult to attain, considering 
the wide diversity of shock motions to which equip- 
ment may be subjected. Experience has shown this 
type of latch to be highly effective under the influ- 
ence of certain shocks, but frequently ineffective when 
subjected to other shocks. Its use is not recommend- 
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ed if more suitable means can be employed to pre- 
vent maloperation. 

Ingenious use is made of inertia forces to maintain 
the position of a removable seat-mounted member, 
as illustrated in Fig. 23. A cover rests upon the rim 
of an instrument, and is required to be held in posi- 
tion during shock but to be readily removable when 
desired. There are three wells in the flange of the 
cover, each containing a jamming ball. Under static 
conditions, the tension spring maintains a clearance 
between the ball and the rim. If the instrument ex- 
periences an upward acceleration as a result of shock, 
and then reverses its motion, the cover tends to part 
from the rim with an upward velocity. During the 
upward motion, however, the inertia force of the 
jamming ball causes the ball to overcome the spring 
force, and to become wedged in the tapered clear- 
ance between the cover and the rim. The cover is 
thus prevented from being thrown off the rim when 
the reversal of motion occurs. When the cover is re- 
moved slowly, the inertia forces are negligible and 
the position of the ball is not altered. The cover is 
thus readily removed. 


DAMPING: While an optimum design embodies the 
complete balancing of all mechanisms to insure 
against maloperation, it often is acceptable to employ 
an unbalanced mechanism arranged so that malopera- 
tion is improbable. One such device is the viscous 
damper. This is an effective means of impeding mal- 
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operation of a mechanism but, unfortunately, is ap- 
plicable only where the mechanism is not required to 
have a fast response. It is characteristic of such a 
damper that the force required to move it increases 
as the velocity increases. The inertia forces which 
cause maloperation of mechanisms are applied sud- 
denly and tend to cause sudden motion of the ele- 
ments of the mechanism. The damper resists this 
motion but does not materially interfere with the 
normal operation of a mechanism which involves low 
velocities of the moving elements. 


Damping Applied to Contactor 


Application of a viscous damper to a contactor is 
illustrated schematically in Fig. 24. The pivoted 
arm carries at its free end a contact which engages 
another contact carried by the fixed bracket. The 
contacts are normally held in engagement as a re- 
sult of the force applied by a spring. The arm is not 
statically balanced, and the inertia force which de- 
velops from an upward acceleration of the contactor 
may overpower the spring and disengage the con- 
tacts. The damper comprises a cylinder, carried by 
the chassis of the contactor, and a piston carried by 
the arm. The cylinder contains a fluid which may 
escape to the space above the piston either through 
the clearance between che piston and cylinder or 
through apertures in the piston. If a large down- 
ward force is suddenly applied to the arm as a re- 
sult of an upward acceleration, no motion will occur 
immediately because the force exerted by the fluid 
upon the piston opposes sudden motion. The piston, 
however, may be moved slowly upon the application 
of a small force, as in normal operation. Similar 
results can be attained with other types of damping 
which exhibit a resistance to sudden motion, such as 
magnetic or air damping. 

UsE OF STIFF MEMBERS, SMALL MASSES, AND LARGE 
CLEARANCES: The technique of designing shock-re- 
sistant equipment calls for the balancing of all mech- 
anisms, where feasible, and the designing of other 
parts so that maloperation is unlikely to occur. This 
latter procedure includes the use of masses as small 
and springs as stiff as functional requirements per- 
mit. Another important technique is the employ- 
ment of mechanisms which require appreciable mo- 
tion of the moving elements in order to cause malop- 
eration. The equipment then is not likely to be af- 
fected by shocks which embody relatively little mo- 
tion. 

Shock resistance of pushbutton contactors can be 
increased by utilizing one or more of the following 
precautions: 


1. Moving parts should be made as light as possible, 
consistent with required strength. Magnitude of 
the inertia force which tends to cause malopera- 
tion, i.e., accidental completion of the circuit, is 
directly proportional to the mass of the moving 
parts. A small mass thus decreases the ten- 
dency to maloperate. 

2. Springs should be made as stiff as possible, con- 
sistent with the requisite ease of operation. The 
spring can be designed so that it is partially 


(Continued on Page 184) 
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Graphical Analysis of 
Axially End-Loaded Beams 


By H. D. Conway 
Professor of Mechanics 


Cornell University 
lthaca, N. Y. 


NALYZING members which are subjected si- 
multaneously to longitudinal compression and 
lateral loading is a frequent problem in engi- 

neering practice. The usual procedure is to solve the 
differential equation for the elastic curve of the mem- 
ber and then find the values of the constants of in- 
tegration by use of the conditions existing at the ends 
of the member. 

However, such a procedure is rather laborious, es- 
pecially if the lateral loading is complex; for ex- 
ample, if a number of concentrated loads are acting. 
It is therefore more convenient to make use of the 
following graphical method which, although not new, 
is apparently unfamiliar. It appears to have first 
been introduced by the English engineer, H. B. 
Howard.! 

As an example in the use of this graphical method, 
a uniform compression member subjected to equal and 
opposite moments M, at its ends, Fig. 1, will be 
treated. With the origin of co-ordinates at the cen- 
ter of the member, the bending moment M at any sec- 


1 References are tabulated at end of article. 
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tion may be written in the form M = m — Py, where 
m is the bending moment due to the lateral loading 
and Py is that due to the end load P. By differentia- 
tion twice with respect to 2, 
a2M a2 d2 

em p y 








dx? dx? dx? 


However d?m/dx? is the intensity of loading (and 
therefore zero) and d*y/dx? is M/EI, where E is 
Young’s modulus for the material and 7 is the rel- 
evant moment of inertia of the cross-section for bend- 
ing. The differential equation then becomes 

d*M 


dx 


— + k*M=0 





where k? P/EI. It will be observed that this 
equation is analogous to the one for simple harmonic 
motion; such a motion is the projection on a diam- 
eter of uniform circular motion. Therefore, the 
variation of bending moment in a member can be 
determined graphically by use of a circle. 

The general solution of the differential equation is 
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M = Acos kx + B sin kx, where A and B are con- 
stants of integration. Then, 


l kl _ ke 
Atz@ - M = Mo ahead +c 
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1 kl 
Atz - , M - Mo =< 


k 
= A cos —— 
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Solving these equations simultaneously, A = Mp sec 









































ki/2, B = 0 and hence the bending moment is 
cos kx : 
= 1, —— als eer (1) 
kl 
cos 
The shearing force V is then 
aM sin kx 
= — kM, —____— (2) 
dz kl 
cos 
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The graphical construction representing Equations 
1 and 2 is shown in Fig. 2. An ordinate AO repre- 
senting the center section of the beam is erected and 
lines BO and CO, representing the end sections, are 
drawn inclined at kl/2 radians to the right and left 
respectively of AO. A point D is marked on OB so 
that OD represents, to any convenient scale, the bend- 
ing moment M, at the right-hand end of the beam. A 
point Z is marked on OC so that OF represents, to 
the same scale, the bending moment M, at the left- 
hand end of the beam. A circle is then drawn 
through the points Z, O and D. Since OD = OE, 
the center O’ of this circle lies on OA at the inter- 
section of the perpendicular bisectors of OD and OE. 

To find the magnitude of the bending moment and 
shearing force at a point distant x to the right of 
the center of the beam, the line OF is drawn so that 
the angle AOF is kx radians. If the point is distant 
x to the left of the center, the line OF will, of course 
be drawn to the left of OA. 

The diameter of the circle is OG = My sec kl/2. 
Since the angle OFG lies in a semicircle, it is a right- 
angle and hence 


OF = (OG) cos kx 





cos kx 
kl 








cos 
which, by comparison with Equation 1, represents 
the bending moment at the section. Similarly, 
FG = (OG) sin kz 


sin kx 
kl 


= 0 





cos 





which, by comparison with Equation 2, represents the | 
shearing force at the section divided by the constant 
k. The maximum bending moment occurs at the 
center of the beam and is represented by OG = My 
sec kl/2. The maximum shearing forces occur at the 
ends of the beam and are represented by GD, at the 
right-hand end, and GE, at the left-hand end, multi- 
plied by k. Thus, V,,~2 = +Mok tan kl/2. 

Tt is interesting to note that when the angles BOA 
and COA are right angles, the lines BO and CO are 
colinear. The diameter of the circle becomes infinite 
and consequently the bending moment is infinitely 
large. This represents the case when P is sufficient- 
ly large to cause buckling of the member, since kl/2 

2/2 and k? = P/EI = -z?/l?; therefore, P = 


7°EI/I2, which is the Euler buckling load formula. 
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If the sign of the moment M, at the right-hand 
end of the beam shown in Fig. 1 is reversed, the bend- 
ing moment diagram is as shown in Fig. 3. As an 
example, the bending moment at a distance x to the 
right of the center of the member is represented by 
the line OF while the shearing force at the section 
is represented by the line GF multiplied by the con- 
stant k. It will thus be seen that the bending mo- 
ment is zero at the center of the member while the 
shearing force there is a maximum, being equal to 
the diameter OG of the circle multiplied by the con- 
stant kK. The bending moment also changes sign at 
the center section. From the figure, it may be shown 
that the bending moment M is given by 


sin kx 


kl 
sin 


M=Mp 





and the shearing force V by 


cos kx 
v= Mok — 
kl 


sin 








The general case of a compression member or beam 
subjected to any type of lateral loading may now be 
treated. As before, the differential equation govern- 
ing the bending moment is d?M/dx? + k*M = w, 
where w is the intensity of loading. If w is constant 
over a certain length of the member, the solution to 
the differential equation for the length is M = A cos 
ke + B sin kx + w/k?. If C = \/A?+B? and ¢ = 
arc tan B/A, this equation may also be written in the 
form M — w/k? = C cos (kx — ¢). This is the 
equation for a circle in polar co-ordinates. The 
shearing force, V = dM/dx = —kC sin (kx— 9). 


General Case Analysis 
As an illustration in the use of the general case 


equations, the member shown in Fig. 4 will be 
analyzed. In such a case, the bending moment is 


.. (3) 








w cos kx w 
ae “f° 
kl k2 
eos —.. 
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and the shearing force is 


V=— = - (m1, - —=- ) ==. as Sa 





The graphical representation of Equations 3 and 4 is 
shown in Fig. 5, the construction of which will be 
obvious from the figure. 
The diameter OG of the circle shown in Fig. 5 is 
w 
k2 
kl 





My — 
0G = 
cos 





The line FL represents the bending moment at a dis- 
tance x to the right of the center of the member, and 
from the figure, 
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as given by Equation 3. The line GF represents the 






































shearing force at a distance 2 to the right of the 
center of the member divided by the constant k and, 
from the figure 
GF = (OG) sin kz 
- ( a0 mene sin kx 
eo ks kl 


cos ——— 


which, when multipled by k, agrees with Equation 4. 
No great attention need be paid to the negative sign 



































in Equation 4; this may be altered at will depending 
on the sign convention adopted. 

As another example, the compression member 
carrying a concentrated lateral load W, as shown in 
Fig. 6, will be analyzed. To plot the bending mo- 
ment diagram, Fig. 7, for this case, the lines AO, BO 
and CO are drawn as before to represent the center 
and end sections, respectively, of the member. Since 
the concentrated load W is a distance a from the 
left-hand end of the beam, the line DO is drawn such 
that the angle COD is ka radians; DO then represents 
the section immediately under the load W at which 
section there is, of course, a discontinuity in the 
bending moment and shearing force. 

Lines QO and RO are then drawn perpendicular to 
BO and CO, respectively. From any point EF on the 
line QO, a line EF of length W/k is drawn perpendic- 
ular to the line DO. From F, a line FG is drawn 
parallel to QO to intersect RO at G. The line GH is 
then drawn parallel to EF to intersect QO at H; GH 
is then equal in length to EF; i... W/k. To com- 
plete the figure, semicircles are drawn, with OH and 
OG as diameters, intersecting at N on DO. 

If, for example, the magnitude of the bending mo- 
ment at a distance x from the left-hand end of the 
member is required, the line OJ is drawn so that the 
angle COJ is kx radians. The line OJ then repre- 
sents the bending moment at the section while JG 
gives, when multiplied by k, the corresponding shear- 
ing force. The bending moment under the load W is 
then represented by ON. 

At a section immediately to the left of the load W, 
the shearing force is k(NG) and, at a section imme- 
diately to the right, the shearing force is k(NH) and 
is of opposite sign. The change of shearing force, 
as the section considered crosses the load line, is then 
k(NG + NH) = k (W/k) = W, which is obviously 
true. 


Numerical Examples 


The following numerical examples will serve to 
clarify the use of this graphical method. 


EXAMPLE 1: A steel tube.of 1 inch outside diam- 
eter and 0.036-inch wall thickness is 20 inches long 
and carries a compressive load of 3000 pounds having 
a line of action 0.10-inch distant from the axis of the 
tube. Assuming FE = 30x10® psi, plot the bending 
moment diagram for the tube and find the maximum 
resultant stress. 

The tube may be considered as carrying an axial 
load of 3000 pounds and subjected to moments of 
magnitude 3000 x 0.1 300 Ib-in. at its ends. Cross- 
sectional area, A = (2/4) (12—0.9287) = 0.1090 in.? 
Moment of inertia, ] = (2/64) (1*—0.928*) = 0.01268 
in.* Hence, k — \/3000/(30 x 10® x 0.01268) = 0.0888 
in.-1, and kl/2 = 0.0888x10 = 0.888 radians = 51 
degrees. 

The bending moment diagram is then drawn as 
shown in Fig. 8. The maximum bending moment oc- 
curs at the center of the tube and is scaled to be 475 
lb-in. The maximum resultant stress due to direct 
compression and bending is therefore of magnitude 

(Concluded on Page 188) 
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Prestressed Springs 


. . . offer unique design characteristics 


XPERIENCE with the recently developed Neg’- 
ator spring has proved its adaptability to un- 
usual design applications, such as the constant 

torque output timing device shown in Fig. 1. Two 
outstanding characteristics of the prestressed spring 
are a controlled constant, positive or negative force- 
deflection characteristic, and extremely large deflec- 
tion. These unique traits, coupled with its space- 
saving advantage, give the new spring made by the 
Hunter Spring Co. a range of applications beyona 
the scope of conventional springs. 

The Neg’ator is a tightly wound coil of prestressed 
spring material, Fig. 1. A force P is required to pull 
the outer end of the spring material from the coil 
mounted on the spindle, Fig. 2. In contrast to con- 
ventional springs, the force P does not depend upon 
extension, but only on intrinsic recoiling forces in 
the short length X. This force is inversely propor- 
tional to the square of the natural radius of curva- 
ture in that increment. Thus a constant or varying, 
positive or negative force-deflection characteristic can 
be produced in manufacture by controlling the in- 
cremental curvature as the spring material is pre- 
stressed. A negative force-deflection characteristic 
results when the natural radius of curvature increases 
as the outer end of the spring is extended. Converse- 
ly, a positive force-deflection characteristic will be 
obtained when the radius of curvature becomes pro- 
gressively smaller as the outer end is extended. A 
constant force-deflection characteristic, or zero gradi- 
ent, is produced by prestressing equal curvature along 
the entire length of the spring. 

In present applications the unit functions in three 
basic forms: 


1. Extension spring—a reacting member which tends 
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to return to a tight coil form when the external 
force is removed. It consists of a single Neg’ator 
and one spindle 

2. Clamp—an auxiliary clamping device consisting 
of a single double-coiled unit 

3. Spring motor—a mechanism capable of storing 
and delivering rotational energy. It includes a 
single spring and two spindles. 


EXTENSION SPRING: From a design viewpoint, the 
outstanding characteristic of the Neg’ator is a con- 
stant reacting force throughout very large extensions. 
Heretofore, this condition has been simulated with 
complicated or inefficient mechanisms such as pulleys 
and dead weights, helical springs and intricate cam 
and lever systems, or extra long and limber springs. 
In contrast, the zero gradient characteristic of this 
spring is inherent in a single part. 

CLAMP: The Neg’ator in its second basic form, a 
clamp, is simply a spring which has: béen allowed 
to coil from both ends. The distinguishing features 
of the clamp are (1) constant pressure exerted be- 
tween the coil heads, independent of the thickness 
of the clamped object, (2) automatic take-up and 
(3) coil separation limited only by the length of the 
spring stock. Because each coil head exerts force 
independently, the clamp may go around corners and 
exert pressure at different angles. 


SPRING Motor: The Neg’ator motor is generally 
designed to produce constant torque at an output 
spindle through a large number of turns. As a source 
of motive power it is capable of storing energy in- 
definitely and delivering that energy to a system. 

The two basic designs in Fig. 3 are designated, for 
obvious reasons, as type “C’”’ and type “S” motors. 
In the C motor the free end of a spring is wrapped 
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around a spindle of radius R, larger than the radius 
of the mounting spindle. In Fig. 3a the radius of the 
mounting spindle is R,, the natural radius of curv- 
ature of the spring. The condition of unequal forces 
that results causes the unit to run from the large- 
diameter spindle to the small one, and a counterclock- 
wise torque is exerted on the large spindle. 

Torque at the large spindle is given by the expres- 


sion: 
Ebt®R2 ( 1 1 \* 
24 _- oo 
where EZ modulus of elasticity and b and ¢ are 


the width and thickness of the spring material. The 
formula shows that as the radius R, of the large 
spindle is increased the output torque M increases. 
At extremely large radii—as R, approaches infinity 
—the C motor operation approaches that of a Neg’- 
ator extension spring. 

The C motor is primarily a low-power mechanism 
with an extremely long operating life. It is particular- 
ly useful as a “stand-by” or control element. For 
example, as an anti-backlash device, it eliminates 
the possibility of error by providing a constant load 
during excursions of recording drums and pen car- 
riages and other similar reciprocating devices. Fig. 1 
shows an electric clutch mechanism employing a C 
type motor to obtain a constant torque throughout 
a timing cycle. A motor winds the spring from the 
small to the large spindle. A solenoid then disen- 
gages a clutch, allowing the Neg’ator to run free onto 
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the small spindle with a constant torque output. 

In the S motor, Fig. 3b, increased output torque, 
with the same spindle radii as the C motor, is ob- 
tained by reverse bending the spring stock around 
the large spindle. Reverse bending has the same 
effect as increasing the diameter of the large spindle. 
The output torque of the S motor is 








i 1 1 )’ 


+ - 
24 Ry Re 


As Fig. 4 shows, the output torque is proportional to 
R, and as R, increases the stress in the spring stock 
decreases. The decreasing stress characteristic indi- 
cates why the S motor can supply high output torques 
for a large number of operating cycles. 

The S motor is finding more extensive application 
than the C type because of the added torque exerted 
without an increase in stock dimensions. Fig. 5 illus- 
trates the design advantages of the S motor as com- 
pared to the conventional power spring motor. Zones 
1 and 2 under the torque-revolutions curve for the 
conventional spring motor is wasted energy; no use- 
ful work is done. Insufficient torque in Zone 1 can- 
not actuate the driven mechanism while in Zone 2 a 
large amount of the total energy is not being utilized. 
In a Neg’ator motor with the same amount of stock, 
however, the part of the total energy in each motor 
that is wasted by the power spring motor is applied 
to give the constant output torque required through 
a larger number of turns. 
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Molded Plastic Eliminates Insert 


HE pawl of a telephone dial transmits the mo- 
tion of the finger wheel to the electrical switch 
which sends out dial impulses to the central of- 
fice. Because of the high speed and frequent use 
of the dial in an operator’s set, an accurately made 
and wear-resistant pawl is required. Until recently 


Fig. 1—Below—Molded hard-rubber 

pawl with steel pin insert, left, and 

one-piece molded nylon pawl, right, 
which replaced it 





Fig. 2—Right—Group of six nylon 
pawls as removed from injection 
molding die 
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this part was designed with a molded hard-rubber 
body and a steel bearing pin, Fig. 1. 

Seeking lower costs, Western Electric engineers 
considered the possible development of a one-piece 
plastic pawl, and nylon appeared to be the most prom- 
ising material. Nylon has adequate strength for this 
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application, together with excellent abrasion resist- 
ance and dimensional stability and can be fabricated 
economically by the injection molding process. A 
one-piece nylon pawl was designed with only minor 
dimensional changes. Tests on sample parts dem- 
onstrated that it would last substantially longer than 








APERED bobbin spindles for textile machines 
were formerly made on automatic lathes. Blanks 
10 inches in length were turned to produce three dif- 
ferent tapers, including a Morse taper on the shank. 
Following turning, the spindles were finish ground 
to specified dimensions, 

By redesigning for swaging, material requirements 
are cut in half. Blanks only 4% inches in length are 
needed, the material being lengthened by the swager 


Fig. 3 — Above — Blank piece 
and steps in swaging to final 
shape 


Fig. 4—Right—Fenn Mfg. Co. 
swager with hydraulic feed 
arrangement used in produc- 
ing the blank shown in Fig. 3 
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Swaging Saves Time and Material 








the older design. A six-cavity die, Fig. 2, and five- 
ounce injection machine are used to manufacture the 
nylon pawl at about one-fifth of the cost of the older 
design. In addition, less maintenance and better op- 
eration of the dial mechanism are obtained with the 
nylon pawl. 











as the tapering operations are performed. The fin- 
ished length is 9 inches. Three cycles are used to 
produce the spindle. One set of dies swages the 
blank from its original diameter of %%-inch to %- 
inch. This cycle is accomplished in 20 seconds, in- 
cluding loading, swaging and removal. A “bump- 
ing” operation follows with a second set of dies and 
takes 14 seconds. The final operation is the swag- 
ing of the Morse taper on the shank end, and this 
takes only 6 seconds, Fig. 3. 

The material used is 52100 type steel having an 
initial hardness of 90 Rockwell B. The blanks are 
fed into the swager, Fig. 4, hydraulically and the 
dies are oil cooled. As previously, a finish grinding 
operation follows swaging, but the swaged blank, 
with concentricity of diameters within 0.004-inch, re- 
quires much less material removal and grinding time 
than does the equivalent blank which was turned on 
a lathe. 

Physical and metallurgical characteristics of the 
material are improved by swaging, since a denser 
structure is obtained. In this respect, swaging is 
similar to cold forging. Alloys can be cold formed | 
which otherwise would have to be hot forged. Too, 
swaging imparts a high finish to the material, often 
doing away with the need for special finishing opera- 
tions. Distortion during subsequent heat treating is 
equal to or less than that resulting from turning op- 
erations. 
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| Strain Gages 
In Design 





| Direct design results can be ob- 
) tained readily by ingenious ap- 


. plication of electric strain gages 


F ALL the phases of engineering work, one 
of the most important is the experimental 
phase. Engineering, with all the advancements 

in theory is still to a large extent a matter of 

judgment or, as is often said, educated guessing. In 
the majority of cases this guessing is based on past 
experience, but when a new and radical design is un- 
dertaken with no past experience, the designer has 

a choice of going ahead with the design hoping that 

it will work out all right, which is often disastrous, 

or making a series of experiments that will show the 
trend if not the full answer. 

The usefulness and growth of experimental engi- 
neering is closely connected with test equipment, 
which in turn is a product of imagination and demand 
of test personnel. Scratch gages, extensometers, 
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By Sergei G. Guins 
Project Engineer 
Chesapeake & Ohio Railway Co. 
Cleveland, O. 


Stresscoat, electric strain gages, and high-speed cam- 
eras all were developed by men that were faced with 
a problem to solve. The tools that could be used by 
many have become commercially available—the others 
can be found on the shelves of various laboratories. 
Each new one replaces some of the old ones but does 
not always make them obsolete. 

It is then the duty of an experimental engineer 
to know what is available and how he can apply it 
to solve his particular problem. He also must under- 
stand the underlying principles and the function of the 


Fig. 1—Top Page—Strain gages mounted on modified 
cantilever beam to measure large deflections. Movements 
of railroad axle are being recorded 
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product he is to test if his tests are to have any 
meaning. 

As machines become more complex, the techniques 
and test requirements become more exacting, yet the 


concepts themselves never need be beyond those of 
elementary physics. One of the most useful tools is 
the electric strain gage which is used extensively 
for stress analysis, but if combined with the principle 
of Wheatstone’s bridge can be used for measurements 
of linear and angular motions, Fig. 1, pressures and 
many other variables. 

The principles underlying the application of strain 
gages for measurements are simple. The strain gage 
measures small displacements by change of resistance 
as the wire cross section changes. The gages are very 
sensitive and the deflection must be small. A Wheat- 
stone bridge, in which one or more legs are strain 
gages, is used to measure voltage variations in the 
strain gages and, by proper calibration, the strain 
in the elements. 

This arrangement provides tools to measure a great 
variety of things. Fig. 2 shows how large motions can 
be measured by strain gages. A cantilever beam having 
strain gages mounted on both top and bottom sur- 
faces and connected as shown on the wiring diagram, 
transforms a large deflection §, produced by force F 
acting on the end of the beam, into a small strain in the 
strain gage due to resultant tension and compression 
on the surfaces of the beam. The knowledge of fixity 
of cantilever beam connection is not necessary, as a 
calibration of such device, by deflecting end A a given 
amount and measuring the resultant change on the 
meter, takes that into consideration. 

Use of strain gages for fixed legs of the bridge 
simplifies balancing of the complete bridge. The volt- 
age across the bridge is controlled by the resistance 
values of the bridge and is usually 5 to 15 volts. By 
applying force F, the resistance of the strain gage 
at end B will change so that the galvanometer in the 
bridge will give a direct reading, due to change of 
potential between points P and R. If the beam has 
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motion in two planes but values in one plane only 
are of interest to the investigator, a knife edge along 
which the beam can slide solves the problem. For 
dynamic work, instead of a galvanometer between 
points P and R a recording oscillograph can be in- 
serted and a continuous record of motion can be ob- 
tained. 
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Fig. 3 shows an installation where motion of a rail- 
road truck was studied. Of interest were lateral mo- 
tion of the axle relative to the journal box and that 
of the journal box relative to the frame. In the case 
of the axle, which is rotating, a round-headed pin 
was screwed into the center of the axle so that 
rotating friction was minimized. A knife edge was 
used as previously mentioned in measuring motions 
between the journal box and frame to record lateral 
motion only. The motions were recorded with the 
help of a Heiland oscillograph, Fig. 4, a six-channel 
instrument operated from batteries contained in the 
instrument. Fig. 5 gives a sample of a record obtained 
with the described instrumentation. 

It must be pointed out that for installations such 
as the foregoing, the care with which strain gages 
are used can be reduced to a minimum without losing 
accuracy of results. In some cases tests were made 
an hour after strain gages were applied, the cement 
having been dried by infrared bulb. 

Under some conditions other variations of the beam 
setup can be useful. One would be to use a regular 
radio potentiometer as one leg of the bridge arranged 
so that it is rotated by a moving member, Fig. 6a. 
With this setup higher voltages can be used to gain 
sensitivity. Another approach is to use a slide-wire 
rheostat, Fig. 6b, which is very helpful where large 
motions must be measured. 

Another application of a cantilever beam with 
strain gages, shown in Fig. 7, is used to measure 
pressure. The motion of the diaphragm under pressure 
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Record I. Hydraulic cover O Turns Closed Galibration Dota 

Record I >» © Open Curve "a" Car body - Lateral acceleration 0.027 g/mm 

Record I Pi . “"b" Journal box to frame displacement 0.017 in/mm 

Record IZ 7 it " “c" Inside end transom acceleration 0.165 g/mm 

Record ¥ 2 i . “  “d" Qutside end transom occeleration 0.157 g/mm 
' Axle to journal box displacement 0.042 in/mm 





displaces the beam, thus indicating pressure changes. 
This can be used to record pressure variations in the 
lines of pneumatic and hydraulic systems. 

The question now arises, how can this tool I now 
have be applied most effectively? A question of this 
type is difficult to answer without knowing the prob- 
lem, but a case history shows how problems have been 
solved by using the described instrumentation. 

Increase in passenger train speeds presented a new 
problem to the railroads, that of increased lateral 
vibration in the cars. The reports indicated that vi- 
brations were quite violent and appeared at high 
speeds. Further checks indicated that this vibration 
appeared only after the wheels of the cars had been 
in operation for over 30,000 miles and that changes 
in various components of the truck produced no im- 
provements in the ride. An analysis of the suspension 
as to its natural frequencies discouraged any attempt 
at a theoretical analysis as there are at least nine 
degrees of freedom and damping characteristics are 
in most cases unknown. 

It was then decided to approach the problem ex- 
perimentally. To be able to analyze the sequence of 
events, measurements of motions of various compo- 
nents had to be recorded and, depending on conditions, 
accelerometers and displacement pick-ups were util- 
ized. At the outset interest was in phase relationship 
of various movements and the fact that acceleration 
and displacement are 180 degrees out of phase had 
to be taken into consideration. When an instrument 
is selected to do a job, not only the value to be meas- 
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Frame to car body- Angular motion——0.122 %mm 




















ured must be considered, but all the other conditions 
at the point where it will be utilized must be checked. 
For instance, journal box vertical accelerations are 
as high as 50g while longitudinal and lateral accel- 
erations are less than 1g. If an accelerometer is used 
in this location it must withstand 50g, but in meas- 
uring lateral acceleration, sensitivity would be very 
low. On the other hand, a displacement pick-up as 




















shown in Fig. 1 wouldn’t be sensitive to vertical ac- 
celerations and can be made very sensitive to lateral 
displacements. If it is desired to have all data in units 
of acceleration, a simple graphical transformation 
can be made to change displacements into accelera- 
tions or vice versa. 

The preliminary test setup was very complex, with 

(Concluded on Page 186) 
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Houde Shock Setting Hyd. Cover Setting 


Record I Shocks disconnected Standord covers Curve 
Record II Setting "b’-Very soft is Curve 
| Record II "d-Very hard i> Turns Curve 

Record IZ (mk, ees it Curve 
| Record me, Res Standard covers Curve 
| Record WI “ — “e"=Hard I> Turns Curve 
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"a Cor body - Lateral acceleration — 0.027 g/mm 
“p" Journal box to frame displacement 0.017 in/mm 
“c" Inside end transom acceleration ———— 0.165 g/mm 
“a” Outside “ - * w= 1S7' ¢fam 
"e' Axle to journal box displacement 0.042 in/mm 
"{" Frame to cor body-Angular motion 0.122 %mm 
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EAR teeth are usually designed to meet two 
is principal criteria: beam strength and wear re- 
} sistance. For beam strength the Lewis formula 

is used generally, being especially valuable in applica- 
tions where the pitch line velocity is comparatively 
low. For higher-speed gears, however, the dominant 
criterion usually is wear resistance. This data sheet 
presents a simplified method of calculating gears for 
wear or durability and is based upon earlier work by 
W. P. Schmitter.* 

Capacity of a pinion to withstand wear is depend- 
ent upon pitch line load, W (pounds), pitch diameter, 
Dp (inches), and face width, F (inches). In simplest 
terms, wear resistance is proportional to FDp/W. A 
more convenient index is the reciprocal of this factor, 
W/FD,. At one time, a rule of thumb set the re- 
quirement at W/FDp = 100. This relationship, when 
modified to suit average conditions, should be W/FDp 
= 60 to 80. 

Ratio of face width to pitch diameter, F/Dp, is 
usually assumed for trial and may range from 4 to 
2. Ratios larger than 2 are objectionable because of 
torsional deflection. 

With power input to the pinion, P (horsepower), 
| and pinion speed, N (rpm), details can be combined in 
a simple equation for pitch diameters involving the 
factors W/FD>, and F/Dp. 

The index factor is first altered to a more convenient 
form: 





*W. P. Schmitter—‘‘Determining Capacity of Helical and Herring- 
bone Gearing,’’ MACHINE DesIGN, June and July, 1934. 
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Spur and Helical Gears 
for Durability 


By Harold M. Durham 
Pittsburgh, Pa. 





Ww Ww _- WDp 
FD, ([(F ai x. 
(Foe (2)o 
Dp Dp 


Power and speed are then introduced by the funda- 
mental relationship, 











(12) (33,000) P 126,050P 
WDp = = 
TN N 
By substitution 
W _ 126,050P 
FDp (| F 
(F) oo 
Dp 
Finally 
126,050 ‘ 7 P )' 
Dp = bani -—- cutee 
sigt fo 
FDp Dp 


= C1C2 


where C, equals the first quantity, C, the second. 

Thus, calculation of pitch diameter, Dp, is reduced 
to multiplication of two factors. Factor C,, based 
upon starting assumptions for W/FD, and F/Dp, is 
given quickly by the chart in Fig. 1. Factor C,, based 
upon power, P, and speed, N, can be obtained quickly 
by a simple slide rule operation. 

An example will show how the first calculation 
stage is completed. Given: P = 100 hp, N = 420 
rpm. . Assume, as average values, W/FDp = 70 and 
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Fig. 1—Calculation factor (C,) is dependent upon assumed 
values of (W/FD»~) and ratio of face width to diameter (F/Dp) 
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Gear Ratio 2 4 
Spur Pitch Line Velocity 
v (lOO fpm) 
Fig. 2—This chart gives values of (W/FDp) based upon pitch-line velocity, ratio, and face width and 
an arbitrary pinion hardness of 240 bhn. .Table 2 gives conversion data for other hardness values 
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F/Dp = 1%. Then use of these two values in Fig. 1 
shows that C, = 11.3. For the other factor, C, = 


(P/N)* = (100/420)* = 0.62. Pitch diameter, Dp 
C,C2 (11.3) (0:62) = 7 inches. Face width, F 
- (F/Dp)Dp = (1%) (7) = 8% inches. 


Velocity and load factors may then be checked. 
Pitch line velocity, v = rDpN/12 = (mr) (7) (420)/ 
12 = 770 fpm. Pitch line load, W = 33,000 P/v = 
(33,000) (100)/770 = 4290 pounds. Load per inch 
of face W/F = 4290/83, = 490 pounds per inch. 

With diameter and face dimensions now set, tooth 
details can be determined. Desirable contact condi- 
tions with ordinary ratios and minimizing of under 
cutting indicate that the minimum number of teeth 
for continuous running sets should be 21 teeth for a 
20-degree pressure angle. Hence, for Dp = 7 inches, 
a diametral pitch, P,, of 3 which gives 21 teeth, would 
be satisfactory; alternatively P; = 4, giving 28 teeth. 
Since the choice may depend upon the selection of 
centers or the availability of cutters, several such sets 
may be calculated for convenience. 

Kind of teeth depends upon pitch line velocity. For 
the velocity in this example, 770 fpm, spur teeth are 
adequate and may be full depth or stub and prefer- 


Table 1—Service Factors 








8-10 Hr 24ur Inter- 
Load Per Day Per Day mittent 
CRRBOTER ccc cccccccccsccccceccces 1.0 1.25 0.8 
Light shock . e enceee 1.25 1.50 1.0 
Medium shock .........60ceeeces 1.5 1.75 1.25 
Heavy shock .. 1.75 2.00 1.50 





ably of 20-degree pressure angle. For velocities above 
1200 to 1500 fpm, single or double helical gears are 
preferred. 

For a more detailed study, such factors as the fol- 
lowing must be taken into account: (1) velocity, (2) 
inbuilt factor (a function of size and other factors), 
(3) material factor (Brinell hardness), (4) gear 
ratio, (5) tooth type (spur or helical), (6) service 
factor, and (7) lubrication. The first five of these fac- 
tors are incorporated in the chart of Fig. 2 and the 
conversion data of TABLE 2. Service factors are given 
in TABLE 1. With mineral oil lubrication, spray or 
pressure, a factor of 1 is employed usually. This 
factor may be reduced to 0.75-0.80 when extreme pres- 
sure compounds are used. 

How to introduce these factors can be best illus- 
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Table 2—Hardness Conversion Factors 

















Brinell 
Hardness Helical Spur 
Number Gears Gears 
SEP 00006-0806 20cdsvsdnepeeesedssécscnees 0.720 0.576 
BOD cccccccvcccsecccccecccsccssccccscccs 0.765 0.612 
200 0.812 0.650 
210 0.859 0.687 
MP B06 60.00 se éu0seess on sdsoveseseceseeds 0.905 0.724 
BD Coc ce ccc ssvecesececcceceescososeses 0.952 0.762 
BD -onsecsenddacndesecs te voeeseoncheesen 1.000 0.800 
250 1.043 0.835 
MD 0000000 eds conteeenseceseceseeéooees 1.090 0.872 
270 1.134 0.907 
MP 600-60 00nccdedeccscucesdccsesecbesense 1.177 0.942 
290 1.217 0.974 
300 1.260 1.008 
- 
trated by an extension of the earlier example. Let 


it be assumed that the gear ratio is 5 to 1, service is 
24 hours per day with light shock load, and mineral 
oil spray lubrication is employed. From TABLE 1 the 
service factor is found to be 1.5; the lubrication fac- 
tor is 1. 

Then, the original value W/FD, = 70 must be cor- 
rected by the service and lubrication factors: W/FD, 
= (70) (1.5) (1) = 105. 

Next, use the chart in Fig. 2 as the first step to- 
ward finding the required pinion hardness. Enter the 
chart at 770 fpm (spur-gear scale) and proceed along 
the path noted, finding an uncompensated value for 
W/FDp = 132. This factor is actually based upon 
conditions for a helical pinion of 240 bhn. Obtain a 
correction factor by dividing the actual W/FDp> value 
by the uncompensated value, 105/132 = 0.795. In 
TABLE 2 under “spur”, note that the factor 0.795 lies 
between 230 and 240 bhn. Therefore, specify 240 
bhn for the pinion. Since the mating gear should 
have a minimum hardness 30 to 40 points less than 
the pinion, specify 210 bhn for the gear. 

The same procedure is applicable for helical pinions 
except that the velocity scale for helical pinions in 
Fig. 2 and the “helical’’ column in TABLE 2 are em- 
ployed. 

By this method, hardness is the unknown factor 
calculated from assumed initial conditions. If the 
calculated hardness is unsuitable for any reason, the 
starting assumptions must be revised and the proce- 
dure repeated. 

Several limitations in the use of this method should 
be kept in mind. Material factors exceeding the up- 
per limits of TABLE 2 are special with respect to hard- 
ness, leading usually to case or flame hardening. Fig. 
2 is applicable to first reduction sets only. Addi- 
tionally, Fig. 2 is suitable only for a 20-degree pres- 
sure angle. 
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Friction for 
Transient Conditions 


By G. G. Gould 
Naval Ordnance Laboratory 
White Oak, Silver Spring, Md. 


HE coefficient of friction between two materials 

is tacitly assumed to be a constant in most en- 
gineering applications wherein friction is encountered. 
Although at times such an assumption is an adequate 
representation of the behavior of friction forces, 
more often the assumption is necessitated by lack of 
information on friction behavior during transient con- 
ditions. For example, when a brake shoe is applied 
to the wheel of a locomotive, conditions do not remain 
constant; at the friction surface the temperature will 
change, the force exerted by the brake shoe will 
change, and the relative speed between wheel and 
shoe will change. As a consequence of these changes, 
the coefficient of friction, which is normally defined 
as the ratio of tangential to normal forces, also will 
change. 

In many studies of friction, tests are so conducted 
that the friction material is always presented with 
a chemically clean, physically smooth surface by caus- 
ing the friction material to travel only on previously 
untouched surfaces of the mating material. Such 
conditions are rarely met in normal applications. More 
frequently, the brake shoe or clutch lining operates 
against a metal face on which it has previously run. 
Thus there is the attendant surface film or surface 
scoring, resulting from such previous runs. The value 
of the coefficient of friction as published for fresh sur- 
faces is not necessarily the same as that obtained 
for oxide-film-coated or scored surfaces. 

In the design of a centrifugal friction clutch used 
for converting a variable-speed source to a constant- 
speed generator drive, it was necessary to choose ma- 
terials for the clutch which exhibited little change in 
friction during 20 minutes of operation. Similar re- 
quirements are imposed by many servomechanism 
controls, or in the design of brakes for airplanes and 
trains. In these applications the designer is con- 


fronted with the evaluation of friction forces during 
a transient period when the friction does not remain 
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constant. Once steady-state conditions have been 
established, it may be feasible to specify the coeffi- 
cient of friction from “handbook” values, but this 
cannot be done for applications of short duration. 

To enable the proper selection of materials for the 
clutch, experiments were performed wherein the co- 
efficient of friction was determined as a function of 
time for different speeds, pressures, and temper- 
atures. Only dry or “coulomb” sliding-friction tests 
were conducted. Many different friction materials 
were tried against many different mating materials. 
Chief attention was focused on the powder-metallurgy 
sintered materials commonly used in industry for 
brake and clutch applications. 

It was found that for transient conditions, the co- 
efficient of friction cannot be expressed as a simple, 
nondimensional number. For any two mating ma- 
terials the coefficient of friction, or the force avail- 
able for doing work, varies with time during the 
early part of a run, even under constant conditions. 
Furthermore, it also depends upon the speed, temper- 
ature, and pressure applied to the surfaces. 

For the typical mechanical clutch or brake applica- 
tion, a desirable combination of friction material and 
mating surface is that which exhibits the following 
properties: 

1. High value of coefficient of friction 

2. Friction which is independent, or nearly inde- 

pendent, of pressure, relative speed between ma- 
terials, and temperature 

3. Low wear rate of both materials 

4. No grabbing, chattering, or scoring. 


Some of the observed characteristics of sliding 
friction between two materials are the following: 

Temperature of the friction surface has a marked ef- 
fect on friction. It is possible to increase or decrease the 
friction, even though all other factors remain con- 
stant, by increasing or decreasing the temperature. 

Where constant friction is desired throughout a 
run, it may be more desirable to choose mating ma- 
terials which will permit a very rapid surface tem- 
perature rise rather than attempt to cool the surface. 
In this manner, temperature equilibrium and steady- 
state friction may be reached more rapidly. 

The powder-metallurgy friction materials exhibit 
higher friction normally than carbons, but also much 
greater wear. 

Good reproducibility is not a characteristic of slid- 
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ing friction. Under identical conditions, on repeat 
runs, also at times during a given run, the friction 
may change unaccountably by as much as 10 per cent. 

A combination of friction material and mating sur- 
face which meets the desirable conditions listed 
earlier is difficult to find. However, it is possible to 
choose materials which approach the desired charac- 
teristics of constant friction and low wear rate. For 
best all-around results, it was found that a hard dense 
chromium-plated drum with a Gempco 473 friction 
brush was the most satisfactory. This combination 
has a comparatively constant value of coefficient of 
friction during the first few minutes of a run; fur- 
thermore, the wear rate is comparatively low. It is 
worth noting that this choice of materials also yield- 
ed the best operation in the actual centrifugal-clutch 
application, thus substantiating the results obtained 
from this series of tests. 

From a paper entitled “Determination of Dynamic 
Coefficient of Friction for Transient Conditions,” 
presented at the ASME Annual Meeting in New York. 
November 26-December 1, 1950. 


Designing for 
Investment Casting 


By R. L. Wood and D. Von Ludwig 


President Consultant 
Arwood Precision Casting Corp. 
Brooklyn, N. Y. 


NVESTMENT or “precision” casting is a liquid 

metal-forming operation, subject to all of the vari- 
ables inherent in the handling of fluid metals. Ac- 
curacy varies with the alloy used and the details of 
investment composition and foundry process. As a 
general rule those alloys of aluminum, magnesium 
and copper that are cast at or under 2200 F can be 
held to tolerances of +0.002-inch per inch, or part 
thereof of linear measurement, providing the part is 
well designed. In special cases one or two particular 
dimensions can be held to closer tolerances when the 
special foundry attention demanded is justified eco- 
nomically. 

All ferrous and high-temperature nonferrous al- 
loys must be cast to more liberal tolerances because 
of the character of these investment materials and 
greater surface roughness. A safe design limit for 
routine production is +0.005-inch per inch or part 
thereof. In special cases, one or two specific toler- 
ances can be held more closely, but the designer 
should consult his source of supply to determine the 
advisability of making the attempt. In general the 
maximum permissible tolerances should be given for 
all but actual close working surfaces. When parts 
are correctly designed, grinding operations should 
suffice to finish all working surfaces, aside from the 
necessity for drilling, tapping, or reaming holes. 
Usually it is best to avoid attempting to cast small 
holes, unless no other way of providing them is pos- 
sible. 
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It should be noted that castings may be produced 
with dimensions varying within the range of toler- 
ances stated before. Uniformity of dimension cannot 
always be attained after an initial trial period, as 
might be expected by engineers familiar with other 
processes where fewer variables are encountered. 

Designers frequently forget that some way of ad- 
mitting the liquid metal to the casting cavity must 
be provided. These gates often serve the double 
function of feeders or risers to overcome solidifica- 
tion shrinkage voids. If tolerances of less than 
+0.010 inch are required at sections where gates 
must be ground off, special fixtures must be used 
at additional cost. Therefore it is desirable to have 
the designer specify the part or parts of the casting 
which may be gated without loss of functional effi- 
ciency. Where possible, gates should be against sur- 
faces which must be finished by machining or grind- 
ing. 

As a general rule not more than 0.015 inch should 
be specified as excess stock on any face to be ma- 
chined. More is wasteful of metal and partially off- 
sets the production advantage of the investment 
technique. 

Thin narrow slots should be avoided. It is virtually 
impossible to produce slotted pocket sections open 
on only one side in high-temperature casting alloys. 
In low-temperature nonferrous alloys, such designs, 
though not desirable, can be produced. The propor- 
tion of length to width and thickness of each projec- 
tion forming a slot determines the degree of dif- 
ficulty which may be encountered in production. The 
mass of metal to which the projections are attached 
and the proportion of blending radii are also con- 
trolling factors. 

Another problem of geometrical relationship is 
encountered in “U,” “H,” “T,” “L,” and such shapes 
of unbalanced nature wherein precise angularity must 
be attained. Liberal use of contoured fillets in the 
abutting sections of such parts, combined with the 
use of tie bars whenever possible to equalize solidi- 
fication stresses, can ovecome most of the problems 
encountered in casting such shapes. The foundry 
often is forced to add ties which are then removed 
before shipment of the castings. It is preferable that 
the ties should remain until all processing has been 
completed. 


Cast Threads Should be Avoided 


Except in alloys which cannot be drilled and tapped, 
cast threads should not be specified because, at best, 
only poor fits can be obtained, even with a chasing 
operation. Cast threads are seldom justifiable in an 
alloy which can be drilled; external threads should 
not even be specified in a hard metal, if the section 
can be reached and the threads imparted by grinding. 
Blind holes of any shape should be avoided, especially 
when the ratio of depth to minimum cross section 
is more than 3. Where through-holes are specified, 
it must be borne in mind that the interior surfaces 
will be rough, from the irregularities in the invest- 
ment material, and will require at least a reaming 

(Continued on Page 190) 
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OF MACHINES 


Charles R. Sutherland, who formerly directed en- 
gineering for smaller size Reliance motors, has been 
promoted to the new position of Manager of Engi- 
neering for Reliance Electric & Engineering Co.’s 
Ivanhoe Division products. Mr. Sutherland’s new re- 
sponsibilities include direction of the large motor 
engineering group and the high frequency engineer- 
ing group. Following his first work in electric-motor 
design at Apex Electrical Mfg. Co., Mr. Sutherland 
joined the Reliance Electric & Engineering Co. in 
1939 as mechanical designer. He was named me- 
chanical engineer in charge of development in 1946 
and head engineer in charge of small motors in 1947. 


° 


William Powell Lear, chairman of the board of di- 
rectors and director of research and development of 
Lear Inc., has been awarded the 1950 Robert J. Col- 
lier Trophy for his outstanding achievement in the 
development, perfection, application and production 
of the Lear F-5 automatic pilot and automatic ap- 
proach control coupler system, which makes possible 
the safe landing of jet aircraft regardless of extreme 
weather or visibility conditions. Mr. Lear has a num- 
ber of inventions to his credit starting with early au- 
tomobile and home radio receivers for Motorola and 
Majestic as well as many firsts in the fields of air- 
craft radio, automatic aircraft radio direction finders, 
and electro-mechanical aircraft controls. He de- 
signed and perfected lightweight compact motors and 
actuators for the Air Force and for Lear, Inc. 


° 


Ryan Aeronautical Co. announces the appointment 
of Bruce Smith as director of engineering. Mr. Smith 
was formerly chief engineer of Ryan’s Airplane Di- 
vision. Prior to his association with Ryan in 1949, 
he served for nine years as chief design engineer for 
Consolidated Vultee Aircraft Corp. Before that, he 
was chief engineer for the Travelair Aircraft Corp. 


J 
Herbert J. Werner has joined Columbia Machinery 
and Engineering Corp. as chief engineer of the me- 


chanical press division. Mr. Werner first gained prom- 
inence in the metal-working industry more than 
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twenty-five years ago for his work in the development 
of pneumatic and hydraulic die cushions while asso- 
ciated with the Marquette Tool and Manufacturing 
Co. Later, as staff engineer for the E. W. Bliss Co. 
and during many years as development engineer for 
the Clearing Machine Corp., Mr. Werner played an 
important part in adapting welded rolled steel con- 


struction to press design. 
° 


Allis-Chalmers Mfg. Co. announces the election of 
Dr. H. K. thrig as vice president in charge of research. 


. 


Tenney Engineering Inc. announces the appoint- 
ment of several members to its engineering depart- 
ment. Otis C. Wyatt Jr., formerly refrigeration en- 
gineer with General Electric, is in charge of refrig- 
eration system layout. Frank Gardner has been ap- 
pointed assistant to J. P. McCormack of the design 
department. S. H. Press and S. B. Sternbach have 
been appointed special design engineers. 


° 


Frank M. Virgadamo has joined the Research Di- 
vision of Burroughs Adding Machine Co. in Philadel- 
phia as an associate research engineer. 


° 


E. J. Rathsack has been appointed engineer in 
charge of production of the Kenworth Metal Stamp- 
ing Co. Mr. Rathsack was formerly engineer in 
charge of the electronic induction heating department 
of the Allis-Chalmers Mfg. Co. Prior to that he had 
been vice president and chief engineer of the Indus- 
trial Electronic Corp. and in charge of production 
quality control and research measurements at Globe 


Union Inc. 
- 


McCulloch Motors Corp. announces the appoint- 
ment of Walter K. Deacon as production engineer for 
the company’s line of lightweight engine-driven 
equipment and target aircraft engines. Mr. Deacon 
was formerly assistant to the manager of engineering 
and manufacturing, Marquardt Aircraft Co., Los 
Angeles. 


. 


Murray Tribbett has been appointed chief engineer 
of the Hydraulic Press Division of the French Oil Mill 
Machinery Co. Mr. Tribbett was formerly assistant 
chief engineer of the Hydraulic Press Manufacturing 
Co. 


° 


J. Calvin Brown, engineer and patent attorney, has 
been elected president of the American Society of 


Mechanical Engineers. 
e 


Otto B. Blackwell has been awarded the 1950 Edi- 
son Medal for his pioneer contributions to the art of 


telephone transmission. 
7 


Thomas C. Gray has been appointed director of 
engineering for Pullman-Standard Car Mfg. Co. He 
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joined the company in 1949 as manager of engineer- 


ing production. 
+ 


Fred I. Johnson, designer and developer of special 
purpose woodworking machinery, has joined the J. H. 
Frey Co. of Chicago. A graduate of Armour Insti- 
tute of Technology, Mr. Johnson began his career in 
the aircraft industry, then joined the John Deere 
Harvester Works. He was a tool designer for the 
Roy E. Roth Co. and in 1943 became associated with 
the Aero Parts Mfg. Co. In 1945 he was appointed 
industrial engineer for the Rway Furniture Co. and 
was the company’s chief engineer when he joined the 
Frey Co. 


. 


Alexander Zeitlin has been appointed vice president 
of Hydropress Inc. and Loewy Construction Co. 


. 


Arthur V. Bender has been appointed chief engi- 
neer, National Lead Co. Mr. Bender joined the com- 
pany in 1939 as an industrial engineer for the titani- 
um division. In 1946 he transferred to the general 
engineering department specializing in problems con- 
cerning titanium. In 1949, Mr. Bender was appoint- 
ed supervisor of the general engineering department. 


e 


Doehler-Jarvis Corp. announces the appointment of 
Charles Pack as vice president in charge of the new- 
ly formed engineering and research department. 


° 


David Juelss, for the past fifteen years chief en- 
gineer, American Lead Pencil Co., has been appoint- 
ed technical director responsible for design and de- 
velopment of new products and machinery. 


° 


Ellison L. Wefel has been promoted to the vice 
presidency of Lombard Corp. Mr. Wefel was chief 


engineer. 
SJ 


George M. Lebedeff has been appointed chief engi- 
neer of the Lenkurt Electric Co. Before joining Len- 
kurt Electric, Mr. Lebedeff was chief engineer at 
Heintz & Kaufman and an engineer with Federal Tele- 
graph Co. 


¢ 


R. P. Clausen, assistant chief engineer, has been 
appointed chief engineer of the radio tube division, 
Sylvania Electric Products Inc. 


¢ 


Arthur H. Lauder has been appointed manager of 
engineering of the Large Motor and Generator Di- 
visions of the General Electric Co. A graduate of 
the University of Wyoming, Mr. Lauder joined the 
General Electric Co. in 1923. In 1948 he was ap- 
pointed assistant manager of the Large Motor and 
Generator Engineering Division and held this posi- 
tion until his present appointment. 
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Variable-Speed Transmission 


Worthington Pump & Machinery 
Co., Holyoke, Mass. 





od ton, . 
Designation: Allspeed 
Style: Model A, tandem belt, in- 


line; three frame styles, four 
types (output shaft above or be- 
low, left or right) 

Size: To 1 hp; height 12% in., width 
63% in., length over shafts 13 in., 
shaft extensions 1%. 

Service: Light, normal, heavy or 
extraheavy duty; max speed vari- 
ation 16:1; output range 215 to 
3450 rpm at 1725 rpm input 

Design: Handwheel manual or elec- 
tric remote control; can be locked 
for constant rpm; can be direct 
connected, V-belt, flat belt, chain, 
or gear driven; transmits verti- 
eally or horizontally; life-lubri- 
cated ball bearings; belts change- 
able without disconnecting unit 

Applications: For variable or 
changing reduction machine 
drives. 


For more data circle MD 1, Page 169 
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Two-Way Midget Valve 
Automatic Switch Co., 379-C Lake- 
side Ave., Orange, N. J. 





Style: Packless; two-way, normally 
open normally closed; solenoid 
Size: \%-in. pipe port with % or ¥- 

in. flow holes (normally open or 
normally closed); %4-in. pipe port 
with ¥ or ¥-in. flow holes (nor- 
mally open); fits within 2%-in. 
cube; conduit connection, %-in. 
IPS; shipping weight, 1% Ib 
Service: Air, gas, water, light oil, 
refrigerants and other fluids to 
212F; pressures—-in. port y-in. 
flow hole 300 psi (a-c) 250 psi 
(d-c)—%-in. port %-in. flow hole 
130 psi (a-c) 70 psi (d-c)—%-in. 
port s flow hole 90 psi (a-c) 50 
psi (d-c)—¥%-in. port y-in. flow 
hole 60 psi (a-c) 30 psi (d-c); 
115/230 v a-c 60-cycle, 115 v d-c; 
power consumption, 10 watts 
Design: Mounts in any position; 
body—brass or stainless steel bar 
stock; valve seat—crown type in- 
tegral with body; valve disc—flat 
synthetic composition 
Applications: Fluid control circuits 
for diaphragm motors, measuring 
and testing apparatus, power cyl- 
inders, etc. 
For more data circle MD 2, Page 169 
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Stainless Steel Bellows 3 
Clifford Mfg. Co., Waltham, Mass. 





Designation: Hydron 

Style: Flexible, seamless or welded 

Size: From fs to 26%-in. diameters 
with standard sizes OD x ID x 
wall: ¥% x # x 0.0045; 44 x % x 
0.0045; % x % x 0.0045; 1% x 
% x 0.0055; 1% x 1 x 0.0065; 2 
x 1% x 0.0075; 2% x 2 x 0.010; 
4x 3% x 0.014; 4% x 4 x 0.014; 
6% x 5% x 0.025; 15% x 13 x 
0.013; 21 x 18 x 0.021; 26 x 21% 
x 0.025; wall may be varied to 
suit preferred wall thicknesses 
0.0045, 0.0065, 0.010, 0.015 and 
0.025-in. . 

Service: Max internal pressure at 
normal free length, 900 psi (- 
in.) 50 psi (26%-in.); max ex- 
ternal pressure at normal free 





length, 1000 psi (‘-in.) 55 psi | 


(26% -in.) 

Design: Hydraulically formed; cor- 
rosion resistant; leakproof; num- 
ber of convolutions as required, 
flexibility varies directly as the 
number of convolutions and 
spring rate varies inversely 

Applications: For sealing pressure 
or temperature control devices, 
flexible joints and shaft seals on 
mechanical equipment; larger 


sizes for expansion joints for jet | 


engines and gas turbines. 


For more data circle MD 3, Page 169 
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Piston Ring 4 Neoprene-Base Compound 6 Miniature Relay 8 
Doubie Seal Ring Co., 2065 Mont- Stalwart Rubber Co., 180 Northfield Potter-Brumfield, Prineeton, Ind. 4 
gomery, Fort Worth, Tez. Rd., Bedford, O. = a a 
Designation: No. 808 
Form: Molded, extruded, punched 
or eut parts to specs 
Service: Temperatures from —87 to 
240F; ozone coneentrations of 
0.003% for 6 hours 
[ Properties: Tensile strength, 2315 
psi; durometer hardness, 60; 
Designation: Sealock elongation, 400%; permanent set, 
Style: One-piece, end-locking 3%; resistant to petroleum prod- 
Size: From 6 to 22-in, diameters — vo aoe — 
Service: Two-cycle ‘and four-cycle age: Wega onl 
internal eombustion. engines; lin- — wear of metal-to-rubber " 
er tapers to 0.010 in. ‘per in. cyl- “A , Style: Telephone type, unhoused or 
inder diameter accommodated; “Yo a ‘aon a hermetically sealed 
horsepower hours developed per anc Simuar & etic par or ize: 1 7/16 x 1 15/16 x 11/16 in. 
gal fuel, 13.9 (plain ring) 16.4 aircraft; also for other machine = 1 4 11/16 ny 5/32 dag 
(Sealock ring) with 0.010-in. per parts operating under severe con- : enter eng 
in. of diameter liner taper; gal- ditions. a . contacts, 24v » s. as 
lons of fuel used per year on 2000- with t onan Pe 4 = P 
4 en a ¢ ous hao Baten: 1 * 4 4 Aavenrcersel bake 1 
ealoc . -in. tapper : “ 
Design: One-piece cross ll lite enclosed; hermetically sealed ” 
narrower than conventional rings; has plug-in ed solder terminals; 1S 
patented double-seal tongue and ee “'e a i pdm B 
seal lock end groove pplications: Electrica] machine re- ;, 
Applications: For sealing pistons lay control circuits; especially “ 
in internal combustion engines. adaptable to rockets, missiles, etc. r 
For more data circle MD 4, Page 169 For more data circle MD 6, Page 169 For more data circle MD 8, Page 169 in 
. of 
Dust Collector 5 One-Way Conveyer Lock 7 Linear Actuator 9 " 
Aget-Detroit Co., Ann Arbor, Mich. Stephens-Adamson Mfg. Co., Auro- Electrical Engineering & Mfg Corp., of 
ra, Ill. Los Angeles, Calif. aj 
. al 
. B 
a 
cc 
L. 
Li 
di 
: re 
Style: Roller-wedge type 
Size: Eleven sizes with max bores +, eel. = 
Style: Model 8N50, filterless, port- ranging 115/16 to 8 in. and — ooo clectremechan 
_ oe ; | a Se ae Size: 3.3 and 1/10 hp motors: unit 
Size: 20 x 30-in. floor space, 5-in. Servce: Max torque ranges 6000 to 15 in. long retracted, 8 in wide 
diameter inlet, dust hopper 9 x 500,000 in-Ib 14 in. high : : ; 
20 x 28 in. Design: Mounts on conveyer head octet: Se 
Service: Air-entrained solids such shaft extension; steel drum keyed nee. — ._— ee 
as lint, strings from _ buffing, to rotate with headshaft, two to screw jack; normal operating 
chips, shavings, sawdust, and bronze-bushed side arms _ hold load 11.000 Ib, static load 80,000 
dusts from chemicals and food- hardened steel wedge plate at Ib; 28v d-c 
stuffs, etc.; driven by %-hp con- fixed distance from drum, hard- " . h f t ti 
tinuous duty motor; serves one ened steel roller operates between Design: 1/10-hp motor for au histor 
machine; exhausts 885 cfm at drum and wedge plate; in opera- control, 3.3-hp motor for hig 4 
agg they tion, reversal of drum when head |  Titure operate through individual | | om 
Design: Cyclone type centrifugal shaft stops causes roller to wedge vrs path ere to oma Fv the dif- 
separation of solids; self-cleaning against plate preventing rotation | vent drive rates: overload end 
paddlewhee!l direct driven exhaust Applications: For positive one-way limit switches radio noise filter. 
fan; air exhausted to atmosphere drives on conveyors, elevators, position indicator and nonjam- 
through outlet at top of unit etc. ming stops 
Applications: For dust removal : 
one . Applications: For actuation of sta- 
from two grinding, buffing or pol- Gitisers on turboprop and jet air- 
ishing wheels to 12-in. diameters; craft; screwjack actuation of sig 
woodworking machinery; multiple units in special aircraft and indus- ou: 
abrasive or sanding belts; etc. trial machinery use 
on 
For more data circle MD 6, Page 169 For more data circle MD 7, Page 169 For more data circle MD 9, Page 169 ess 
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JOHNSON BRONZE 


DATA 


SLEEVE BEARING 





POWDER METALLURGY 








for Bearings and Parts 


Powder Metallurgy is not a new 
manufacturing process . . . but its 
wide-spread adoption by industry 
is of comparatively recent origin. 
Bearings and parts, when produced 
by this method, are molded under 
pressure to required shape and size. 
This eliminates expensive machin- 
ing operations and when quantities 
of a size are used the cost is sur- 
prisingly low. The original formula 
of the bronze powder consisted of 
approximately 881% copper, 10 tin 
and 11% graphite. In 1936, Johnson 
Bronze introduced LEDALOYL... 
a powder metallurgical product that 
combined copper, tin, graphite and 
LEAD in the form of a PRE-AL- 
LOYED bearing bronze. The intro- 
duction of lead as an integral part 


of the bronze powder provided addi- 
tional bearing qualities not possible 
otherwise. 

Manufacturers of many types of 
equipment gain many extra advan- 
tages through the use of Johnson 
LEDALOYL. One valuable fea- 
ture is the self-lubricating action. 
Myriads of tiny, evenly spaced pores 
serve as miniature oil wells. When 
the bearing is in use the oil is 
metered to the shaft . . . when at 
rest, the oil is absorbed by these 
pores. This provides adequate lu- 
brication at all times... preventing 
wear and in most cases eliminating 
the expense and bulk of other lu- 
brication aids. Service records show 
long, troublefree operation on many 
types of installations. 











Sizing punch for use with arbor or power 
press. The diameter of the sizing stem 
should be .0003"' larger than the finished 
inside diameter of the bearing. When in- 
stalling LEDALOYL bearings in blind 
holes use similar punch with sizing stem 
equal in length to the bearing. 

















Methed of 
Installations 


LEDALOYL Bearings, correctly de- 
Signed and properly installed, will usually 
outlast the motive unit in which they are 
used. We cannot place too much emphasis 
On installation. Absolute alignment is nec- 
essary in order to gain a low operating tem- 
Perature, a short running-in period and a 
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conservation of lubricant. The usual method 
of installing LEDALOYL is illustrated 
above. If your application is not covered 
in this way, we ask that you consult with 
our engineers. A method suitable to your 
application will be worked out. If your 


bearings are subject to excessive tempera- 
ture during installation—such as in die 
cast applications—it is. usually advisable 
to withhold impregnating the bearing until 
after assembly. 
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Typical Burnishing Tool 


Harden, Grind and Lap, or Polish 
with Crocus Cloth High Speed Steel— 
Rockwell C-60-62. 


Economy 


The economy of using LEDALOYL is best 
illustrated in producing parts other than 
cylindrical in shape. Flat surfaces—fianges, 
offsets, etc. are easily provided for in the 
dies and no additional machining is neces- 
sary. Johnson engineers are always avail- 
able to discuss the advisability of using 
LEDALOYL ... or any other type of 
sleeve bearing in your product. Your in- 
quiry carries no obligation. 


This bearing data sheet is but one of a series. 
You con get the complete set by writing to— 
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Right-Angle Motoreducer 10 


Falk Corp., Milwaukee 8, Wis. 





Style: 


Right-angle; All-motor for 
any type foot-mounted motor, in- 
tegral with any D type flanged 
NEMA motor 


Size: All-motor, 1 to 50 hp; inte- 
gral, 1 to 30 hp 

Service: Ratios, 500:1 min, 972:1 
max; input speeds to 1750 rpm 
and higher if necessary 

Design: Sealed all-steel housings 
with one-way vents; spiral bevel 
gears for final reduction, carbur- 
ized, hardened and lapped; helical 
gears for high-speed and inter- 
mediate reductions, heat-treated 
alloy steel shaved, crown-shaved 
pinions; splash lubrication 

Applications: For speed reduction 
in horizontal or vertical drives. 


For more data circle MD 10, Page 169 


Check Valve 11 


Crane Co., Michigan Ave., Chicago 
5, 7. 








Style: Y-pattern; Nos. 36 and 76E 
screw end or Nos. 38 and 77E 
flange end 

Size: Screw end % to 3 in. inclu- 
sive, flange end 1 to 3 in. inclu- 
sive 

Service: Steam (No. 36) 200 psi 
500F max, (No. 76E) 300 psi 
550F max, (No. 38) 150 psi 500F 
max, (No. T7E) 300 psi 550F 
max; cold water, oil or gas (No. 
36) 40 psi max nonshock, (No. 
76E) 1000 psi max nonshock (up 
to 2-in.) 600 psi max nonshock 
(2% and 3-in.), (No. 38) 225 psi 
max nonshock, (No. 77E) 500 psi 
max nonshock 

Design: Hinge pin aluminum-sili- 
con bronze, body special] alloy 
high-pressure valve brass, other 
parts brass; 45-degree disk seat 
integral with body, positive back- 
flow closure; valve easily re- 
ground 

Applications: For checking fluids 
flowing in horizontal lines, ver- 
tical lines with upward flow or in- 
clined lines with upward flow. 


For more data circle MD 11, Page 169 


Gasoline-Resistant Wire 12 


General Electric Co., Construction 


Materials Dept., Bridgeport 2, 
Conn. 

Designation: Geotrol 

Form: Single-strand plastic cov- 


ered; seven colors 

Size: 10, 12 and 14 Awg; 44, 31 
22 lb per M ft respectively; 0.19, 
0.16 and 0.15-in. OD, respectively; 
500 ft coil per carton 

Service: UL Type TW, 600 v, 60 
cycle; max operating tempera- 
ture, 30 C 

Properties: Insulated with Flam- 
enol, resistant to petroleum prod- 
ucts and moisture; lightweight; 
easily installed and stripped; re- 
places lead-covered wire 

Applications: Used as open wiring 
or in recognized metal raceways 
exposed to gasoline or gasoline 
vapors such as in engine drive 
areas, lighting circuits, gas pump 
islands, etc. 


For more data circle MD 12, Page 169 


Small D-C Motor 13 


Lear Inc., 110 Ionia Ave., NW, 
Grand Rapids, Mich. 





Style: Model BB-05A-1, flange or 
base mounting 

Size: 1/40-hp; 2.29 x 1.56 x 3.06 
in, long; 0.75 Ib 

Service: 15,000 rpm; 26 v d-c; duty 
cycle, 3 minutes on 17 minutes 
off; ambient temperature range, 
-65 to 165 F; starting torque, 
450% full-load torque 

Design: Precision built, lightweight, 
corrosion resistant; optional fea- 
tures—clutch for positioning con- 
trol of friction load devices, elec- 
tromagnetic brake for positioning 
control requiring extreme holding 
torque or against large load iner- 
tias on motor, thermal protector 
for motors under conditions of 
maximum stress, and radio noise 
filter to meet ANM-40 specs 

Applications: High-speed drive for 
aircraft and industrial equipment. 


For more data circle MD 13, Page 169 





Multipole Contactor 






~ 


Arrow-Hart & Hegeman Electric 
Co., Hartford 6, Conn. 





Style: 

Size: “00” 2%-in. high, 2%-in. 
wide, 3%-in. deep (8 pole) 2% in. 
deep (4 hole) 

Service: 6-600v a-c, 6-230v d-c 

Design: Two to eight poles; four 
parts—frame containing magnet, 
coil and right-angle mechanism 
which permits vertical contact 
and horizontal make-and-break, 
all contacts are reversible with- 
out disassembly of contactor 

Applications: For multiple electric 
control systems in machines. 


CRA, multipole, convertible 
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Hydraulic Control Valve 15 


Parker Appliance Co., Cleveland 12, 
oO. 








Style: Open center dual-control 
double spool; 3-way, 4-way or 
combination 

Size: Any port size to %-in. pipe 

Service: Hydraulic fluids to 2000 
psi; 14 gpm capacity, 20 gpm 
max may be handled; pressure 
drop through open center, 32 psi 
at 14 gpm 

Design: Built-in balanced seatless 
relief valve externally adjustable, 
minimum pressure rise bypassing 
full pump capacity; double oper- 
ating handles mounted at either 
end, upright or inverted; return 
port may be located for direct 
tank mounting; float position, in 
addition to regular raise, lower 
and hold, may be incorporated 

Applications: For control in heavy- 
duty hydraulic circuits on farm 
implements, materials handling 


machinery, etc., especially adapt- i 
ed for single or double-acting cyl- 
inders not working at same time. 
For more data circle MD 15, Page 169 
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Compared with friction hampered plain bearings 
M°GILL MULTIROL full type roller bearings resist wear because of their easily 


lubricated roller line contact with raceways. Longer life and greater 
efficiency is the natural result of the constant precision maintained in the bearing. 
Lubrication is simplified and required much less frequently. Maintenance is free 

of costly down time for periodical adjustments and bearing replacement. 
MULTIROL bearings are your assurance of adding these advantages 

to the operation of your machinery. Millions in service to date prove such exclusive 

j features as one piece outer race and roller retaining end shoulders and 
lubrication reservoirs above roller ends in the SE Series. CF and CYR Series 
have thick outer race sections for heavy shock load in cam action applications. 


Mounting is possible with or without stud. 
Write today for Bulletins on all MULTIROL Bearing series. 


i INC. 
mcGItt MANUFACTURING co... 
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Tapped Insert Fastener 16 
Groov-Pin Corp., Union City, N. J. 





Designation: 


Tap-Lok 

Style: Self-tapping threaded, self- 
locking female tapped sleeve 

Size: 11/64-40 to %-20 external 
thread; 4-40 to %-20 internal; 
15/64 to 31/64-in. lengths 

Service: For plastics, woods and 
soft metals 

Design: Brass or case-hardened car- 
bon steel, stainless steel on quan- 
tity order; can be driven into cored 
or drilled hole; taps own thread 
with edges of slotted segments, 
which are deflected radially inward 
to provide self-locking action on 
screw used and increase anchor- 
age grip 

Applications: Threaded anchorage 
in soft materials, for assembly of 
parts with machine screws, bolts 
or studs. 


For more data circle MD 16, Page 169 


Dry-Air Compressor 17 


Romec Div., Lear Inc., Elyria, O. 





Style: Model RG-8160, compressor- 
motor unit 

Size: Overall height, 4 5/16 in.; 
overall length, 6 31/64 in.; weight, 
3.5 Ib; inlet port, 1/8-in. ANPT 
female; outlet port, 1/8-in. ANPT 
male on check valve; motor, 1/15- 
hp 

Service: Continuous duty; temper- 
ature range 55 to 55C; main- 
tains sea-level pressure from 35,- 
000 to 50,000-ft altitude; rated at 
more than 900 cim at sea level, 
80 cim at 7 in. Hg absolute; in- 
put voltage, 27 v d-c; input cur- 
rent, 3 amps at sea level, 6 amps 
max at —55C for starting 

Design: Self-lubricating; packless; 
positive displacement pump, 
Graphitar blades; inlet type air 
filter-dehydrator; absolute pres- 
sure switch; check valve permits 
pump to stop running intermit- 
tently without pressure loss 

Applications: For supplying oil-free 
compressed air to electronic units 
in high-altitude aircraft. 


For more data circle MD 17, Page 169 


AND MATERIALS 


Vibration Mount 18 


Barry Corp., 179 Sidney St., Cam- 
bridge, Mass. 





Designation: Barrymounts 

Style: Series 6475 air-damped 

Size: 1-in. diameter, 1-in. overall 
height under min rated load 

Service: Load rating, 0.3 to 3.0 Ib 

Design: Requires only %-in. clear- 
ance; two-hole mounting on 1.414. 
in. centers; center stud tapped 
to \4-in. depth with 8-32 thead 

Applications: Vibration - isolating 
mounting of lightweight airborne 
and similar equipment installed 
in restricted spaces. 


For more data circle MD 18, Page 169 


Expansion Joint 19 
United States Gasket Co., Camden, 
N. J. 
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Style: Flexible bellows type 

Size: 1, 1%, 2, 2%, 3, 4, 6, 8, 10, 
and 12-in. IPS; respectively, 2, 2, 
3, 3, 4, 4, 4, 4, 5, and 5-in. face- 
to-face width, relaxed; integral 
gasketed flanges to 150 lb ASME 
standard 


Service: Corrosive fluids; pressures 
to 25 psi; temperatures —150 to 
550 F 

Design: Molded Teflon; chemically 
inert, heat resistant; gasketed 


flange or taper connections; lon- 
gitudinal movement, + %-in. on 1- 
in. IPS to +1 and —2 in. on 12- 
in. IPS, additional bellows sec- 


tions available for increasing 
movement 
Applications: For absorbing vibra- 


tion, misalignment or thermal ex- 
pansion in glass-lined, pyrex or 
porcelain piping assemblies, es- 
pecially on chemical processing 
machinery. 


For more data circle MD 19, Page 169 








Design: 


Applications: 





Flexible Pipe Connector 20 
Finn & Co., New York 30, N. Y. 





Style: Flanged rubber coupling 

Size: % to 14-in. pipe diameters 

Service: Working pressures to 250 
psi with a safety factor of 5; 
temperatures to 250F 

Design: Rubber pipe with embed- 
ded standard metal flanges at 
ends 

Applications: Noise and vibration 
absorption between pumps and 
pipelines. 
For more data circle MD 20, Page 169 


Pressure Reducing Valve 21 


Hydraulic Equipment Co., Cleve- 
land 17, O. 
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Style: Models VA1 and VA2, spring- 
loaded plunger, pressure reducing 
Size: 89/16 in. high by 41/16 in. 
wide; reduced pressure outlet, %- 
in. pipe tap; high-pressure inlet, 


%-in. pipe; oil reservoir outlet, 
3g-in. pipe 
Service: Oil-hydraulic fluids; max 


inlet pressure, 1000 psi; reduced 
pressure range, 100 to 300 psi 
(VA1), 200 to 1000 psi (VA2); 
capacity, 15 gpm 

Pressure control spring- 
adjusted; bypass prevents pres- 
sure buildup at cylinder port; 
housing cast alloy iron; plungers, 
heat-treated alloy steel; spring, 
alloy steel; other components, 
cold-rolled steel 

For pressure reduc- 
tion at any point or to any par- 
ticular unit in oil-hydraulic con- 
trol circuits of machines. 


For more data circle MD 21, Page 169 
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NEW CATALOG CONTAINS DATA ON COMPOUNDS, APPLICATIONS AND FABRICATION METHODS 


This 16-page, illustrated, multi-colored catalog 
now is available to design, production, purchas- 
ing and management personnel. This publica- 
tion has been compiled to familiarize readers 
with Stalwart-developed rubber compounds 
which feature resistance to (1) abrasion, (2) 
chemicals, (3) high and low temperatures, (4) 
petroleum products and derivatives, and (5) 
weathering. Sections of the catalog are devoted 
to the new and outstanding Silicone Rubber com- 
pounds, the major methods of fabrication, and 
Stalwart production facilities. 


More than 60 Stalwart-developed compounds 
are listed by code number. Charted individually 


TALWART RUBBER COMPANY 





1180 NORTHFIELD ROAD “ BEDFORD, OHIO 


in conjunction with these compounds are their 
physical properties and general characteristics, 
as well as suggested applications. ° 


Catalog 51SR-1 will be sent upon receipt of 
coupon or on letterhead request. 


THE STALWART RUBBER COMPANY 


Please send (without obliG™tion) your new 16-page, illus- 
trated, multi-colored Catalog} 51SR-1. 
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Plastic Laminate 22 ‘Flexible Coupling 24 = Relief Valve 26 


Formica Co., Cincinnati 32, O. 

Designation: Z-80 

Form: Resin-bonded coarse-weave 
fabric sheet; laminated-molded 
shapes; semigloss, natural color 

Size: Minimum thickness, 1/16-in.; 
max 1 in. 

Service: 60-cycle insulation 

Properties: Arc resistance, 130 sec- 
onds; power factor as received, 
0.015 (60 cycles) 0.039 (1000 Kc); 
dielectric constant as_ received, 
5.10 (60 cycles) 4.80 (1000 Kc); 


Lord Mfg. Co., Erie, Pa. 





R-S Products Corp., 4600 German- 
town Ave., Philadelphia 44, Pa. 





sp. gr., 1.38; shear strength 

(ASTM 732-46), 14,000 pSi; | styte: Flexible, bonded synthetic 

tensile strength, 11,000 psi bb ; 

(lengthwise) 6000 psi (crosswise) ; —— é Style: No. 708, off-center disk type 
Size: Drives to %-hp Size: 8-in. diameter; 150-lb Ameri- 


flexural strength, 20,000 psi 
(lengthwise) 14,000 (crosswise) ; 
compression strength, 40,000 psi 
(flatwise); Izod impact strength, 
1.3-1.5 ft-lb per in. notch (flat- 


Service: 1750 rpm; angular mis- 
alignment to 2 degrees, parallel 
misalignment to 1/32-in. 

Design: Neoprene permanently 


can Standard raised face flanges; 
smaller and larger sizes available 
Service: Air, gas, liquid and semi- 
solids; saturated steam to 15 psig 


wise) 0.8-1.0 (edgewise); water bonded between flanged hubs; with low pressure drop; units for 
absorption, 0.6% (%%-in. thick) neoprene stressed in shear for max higher pressures available 
0.35% (%-in.); good punching torsional flexibility; hubs drawn Design: Double crank arm with ad- 


and machining qualities 
Applications: For condensers and 
adapters in radio-TV units; in- 
sulating power generating equip- 
ment and other 60-cycle assem- 
blies. 

For more data circle MD 22, Page 169 


Cutout Coupling 23 


Anchor Steel and Conveyor Co., 
Dearborn, Mich. 





Style: Flexible in-line with torque 
overload protection 

Size: Two sizes, 3C and 5C, 7 and 
8%-in. diameters respectively; 3C, 
20 and 25 lb; 5C, 45 and 50 Ib; 
max bore motor end 3C, 1% in., 
5C, 1% in., max bore drive end 
3C, % to 1% in., 5C, 1 to 2% in. 

Service: Balanced to 2400 rpm 
max; 3C, 0.16 to 0.24 hp per 100 


to D-shape to mate with milled 
flats on standard fractional-hp 
motors and driven shafts 
Applications: For coupling fraction- 
al-horsepower drives to electrical 
appliances, office machines, etc. 
For more data circle MD 24, Page 169 


Limit Switch 25 


Electro-Snap Switch Div., Exhibit 
Supply Co., Chicago 1, Il, 





Style: ES4-NM, momentary, one- 
way action 

Size: Overall length with extended 
plunger, 213/16 in.; overall 
height, 2% in.; wire outlet, %-14 
straight pipe tap; net wt, 0.30 lb 

Service: Electrical capacity, UL, 
10 amp, 125 or 250 v a-c; ambient 


justable weights for accurate set- 

ting; cylinder dashpot; flanged 

outlet for overload relief 
Applications: For volume control 

and shut-off of fluid systems on 

processing machinery, etc. 

For more data circle MD 26, Page 169 


Locking Fastener 27 


Shakeproof Inc., Div. of Illinois Tool 
Works, Chicago 39, Ill. 





Designation: 
Style: 


Keps 
American Standard light, 
machine screw or regular nuts 
with lock washer 


Size: Light nut 4-28, 5/16-24, %- 
24, 7/16-20, and %-20; machine 
screw nut 6-32, 8-32, 10-24, 10-32, 
4-20, and 4-28; regular nut \- 
20, 5/16-18, %-16, 7/16-14, and 
%-13 













rpm, 10 to 150 in-lb torque; 5C, temperature range, —67 to 200 Service: Average machine fasten- 

0.24 to 3.20 hp per 100 rpm, 150 F; operating force, 3% Ib; stand- ing requirements, Class 2-B 

to 2000 in-Ib torque ard “on” period %-in., overtravel threads | 
Design: Spring-loaded roller cam 3/16-in., NM2; NM1 “on” 1/16- Design: Light nut semifinished : 


follower in coupling actuates 
grooved flange axially to contact 
limit switch, cutting power at 
rated torque, resets automatical- 
ly; switches available, Micro type 
OP-AR, SPDT splashproof or, on 


in., overtravel 4-in. and NM3 
“on” 3/16-in., overtravel %-in. 
Design: Pretravel, 0.050 in., move- 
ment differential, 0.022 + 0.010 
in.; wired normally open, normal- 
ly closed, two-circuit, or SPDT; 


hexagon steel, machine screw nut 
hexagon steel, regular nut semi- 
finished hexagon steel; preassem- 
bled twisted-tooth lock washer 
swivels; funnel design of washer 
pilots nut onto thread 


request, explosionproof EX-AR 1 . ircui uir- Applications: For vibration-resist- 
similar to OP-AR Ph ye ~ yo ant machine part assemblies; es- 
Applications: For automatic pow- tomatic sequence movements, in- pecially adapted to hopper-feed 


er cutoff protection against over- 
load in any type direct-driven ma- 
chine. 


For more data circle MD 23, Page 169 


terlocking, positioning pulsing 
electric counters, initiating ma- 
chine time cycles, etc. 


For more data circle MD 25, Page 169 


assembly techniques. 
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Curtis Universal Joint Co. Inc., 
Springfield 7, Mass. 





Style: Ball type 

Size: Four sizes; hub length %, 
31/32, 1 3/16, and 1% in.; total 
length 2, 2 11/16, 3%, and 3% in. 
respectively; O.D. %, %, 1, and 
1% in.; bore 4%, %, %, and %-in. 


Service: Light duty; static torque 
rating 170, 650, 1250, and 2500 
in.-Ib; tension load 720, 2000, 3600, 
and 4950 Ib 

Design: Steel forks bearing on 
bronze ball; heat-treated center- 
less ground pivot bearing pins; 
full length intersecting bearing 
pins; large pin provided with oiler 

Applications: Light torque drives. 
For more data circle MD 28, Page 169 


Centrifugal Coupling 29 


Centric Clutch Co., Cranford, N. J. 


"9 





Style: Centrifugal; standard or 
spring-controlled shoes 

Size: Standard models — thirteen 
sizes 3% x 1% to 24 x 8 in.; max 
bores 1 to 7 in. respectively, min 
bores % to 3 in. respectively; 
weight with max bores 7 to 1315 
lb respectively 

Service: Standard size 3% x 1% 
handles 0.04 hp at 390 rpm, 3.6 
hp at 1750 rpm; size 24 x 8 han- 
dles 300 hp at 390 rpm, 600 hp 
at 690 rpm 

Design: Outer shoes in driver ele- 
ment and inner shoes in driven 
unit, engagement results from 
centrifugal action; outer shoes 
transmit rated motor hp, inner 
shoes 40% rated motor torque for 
140% normal running torque; 
above 140% torque, shoes slip; 
spring control type permits pick- 
up of load at preset speed 

Applications: For coupling normal 
torque motor drives to coal pulver- 
izers, cloth calenders, extractors, 
printing presses, grinders, etc. and 
also for coupling to engine drives. 


For more data circle MD 29, Page 169 
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dissipates heat much faster than 
conventional insulating materials 


Here's an insulating materia! that gives you all of the 
advantages of a rubberlike dielectric at Class H 
temperatures, plus extreme low temperature flexibility, 
plus about twice the thermal conductivity of conven- 
tional resinous or rubbery dielectrics! In a solenoid coil, 
for example (see graph above), Silastic gives 15% 
more capacity than resinous silicone insulation at 
180°C. That's due to increased thermal conductivity 
alone. 






Silastic insulated sol- 
enoid has 166% of the 
capacity of identical 
Class B coil plus maxi- 
mum shock, abrasion 
and vibration resist- 
ance over a span of 
260 Centrigrade de- 
grees from —60 to 
+ 200°C. 


Thermal stability plus high heat conductivity permit the 
Silastic coil to operate at 166% of the maximum 
capacity for an identical organic resin impregnated 
solenoid. Performance of over 1600 Silastic insulated 
main and interpole field coils in diesel-electric traction 
motors is further proof of the extraordinary advantages 
of Silastic as a dielectric. 

In coils of all kinds, Silastic provides resiliency and relo- 
tively constant dielectric properties at temperatures 
ranging from below —60° to above 200°C., maximum 
resistance to corona, to electrical and mechanical 
fatigue and to abrasion, oil and outdoor weathering. 


("T. M. Reg. U. S. Pat. Off.) 





SEND TODAY! For your 
copy of Silastic Facts 
No. 10 containing data 

on the properties, per- 
: formance and applica- 
at tions for Silastic. 





from +500°F. 7 
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Oil-Rite Corp., Milwaukee 15, Wis. 





en 


Style: SFM, gang-mounted 

Size: 4-in. female pipe thread inlet; 
%-in. tube outlets for compres- 
sion fittings 

Service: Pressure or gravity cen- 
tralized lubrication with oils; 2 to 
24 sight-feed valves 

Design: Aluminum alloy oiler body; 
central mounting shank with 
standard thread and nut; individ- 
ual flow adjustment from full flow 
to shutoff; unbreakable sight 

Applications: For centralized control 
of pressure or gravity oiling sys- 
tems to individual bearings. 
For more data circle MD 30, Page 169 


Air Control Valve 31 
Valvair Heng 454 Morgan Ave., 
Akron 11, 
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Style: Sliding stem; two or three- 
way; normally open or normally 
closed; with or without mounting 
bracket or spring return; knob 
operated 

Size: 4% and %-in. pipe ports 

Service: Air to 175 psi, tempera- 
tures to 125 F 

Design: Die-cast zinc alloy body; 
OU packer seals: cylindrical ends, 
stem packing spreader, flange end 
bearings, and springs interchange- 
able; air sealed in ‘on’ and ‘off’ 
positions without metal seats 


Applications: For control in pneu- 
matic circuits on machines. 


_ 


For more data circle MD 31, Page 169 





Sight-Feed Oilers 30 





Form: Sheet, cylinder, rod, tube and 
bar; molded or machined Tefion 
Size: Standard and special; individ- 
ua] insulators as large as 23-in. 

Service: High-frequency high-vol!t- 
age insulation; temperatures from 
—90 to 500 F; outdoor service 

Properties: Chemically inert; power 
factor 0.0005; dielectric constant 
all frequencies, 2.0; water abs, 0 

Applications: Used as spacers for 
coaxial cables, inserts for coaxial! 
connectors, beads, etc. 
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Fuel Pump 33 


Lear Inc., Romec Div., Elyria, O. 





Style: Model RG-9080, USAF type 
G-18 engine driven; positive-dis- 
placement vane 

Size: 4 23/32-in. high, 2 23/32-in. 
wide, 3 27/32-in. long including 
%-in. shaft extension; 1.94 Ib; 
144-in. ANPT ports; mounting cen- 
ters, 2 x 2 in. 4 holes; shaft 
spline, 11 teeth, 24/48 pitch, 30° 
pa 

Service: In compliance with Spec 
MIL-P-5355 for 100 gph; fuels 
with as high as 30% aromatic 
blends and low temperature of 
—65 F; displacement, 0.209 cu in. 
per revolution; pressure range, 
2% to 20 psi; cw or cew rotation 

Design: Bypass valve for wobble 
pump and spring-loaded adjust- 
able relief valve integral; valve 
housing vent to atmosphere or 
connects to pressure line from 
supercharger; pump selfpriming; 
O-ring seals; shaft seal with- 
stands one-degree misalignment 


Applications: For pumping fuel to * 


aircraft engines. 
For more data circle MD 33, Page 169 


High-Voltage indadaters 32 


United States Gasket Co., Camden, 
N. J. 





Preset Time Switch 34 


Automatic Temperature Control Co. 
Inc., Philadelphia, Pa. 





Style: Type J3, manual reset, NO 
or NC 

Size: 3% in. high, 3% in. wide and 
5% in. long unenclosed 

Service: Standard dial ranges, 0-15 
seconds to 0-24 hours 

Design: Knob manually turned to 
desired interval; _ self-starting 
Telechron synchronous motor 
drives time indicator; at ‘zero’ 
position, heavy-duty snap-acting 
electrical control switch of open- 
blade type trips to shut off timer 

Applications: For time control of 
photographic processes, blueprint 
machines, motors, etc. 
For more data circle MD 34, Page 169 


Hot-Air Shutoff Valve 35 


Hydro-Aire Inc., Burbank, Calif. 





Style: Two-way, 


electrically con- 
trolled, normally open 

Size: 3.31 in. wide, 5 11/16 in. high, 
and 9% in. long; inlet port flange 
for 1.500-in. tube fitting, AND- 
10086; outlet ports 1.250-in. tube, 
AND-10056 


Service: Hot-air; pressures from 35 
to 215 psi; ambient temperature 
range —65 to 700 F; air temper- 
ature to 1000 F max; 14 to 30v 
d-c; max operating current 10 
amps instantaneous, max holding 
current %-amp 

Design: All components including 
seals stainless steel or carbon; 
unit opens or closes in %-second, 
closes if current fails: electric 
receptacle similar to ‘AN-3102- 
12S-3P 


Applications: For shutoff of aircraft 
hot air circuits such as deicing 
and other special aircraft or in- 
dustrial hot-air installations. 


For more data circle MD 35, Page 169 
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Small A-C Motor 
Electro Machines Inc., Cedarburg, 
Wis. 


3) @ 


Style: General-purpose open, drip- 
proof (P); general-purpose totally 
enclosed (PN); and fan duty 
totally enclosed (PC); face mount 

Size: % to 1 hp; conduit openings 
with %-in. plain hole or %-in. 
pipe tap; face mountings NEMA 
type C, 42, 56 and 66 frames 

Service: 3450 to 860 rpm constant 
speed; three phase a-c; standard 
voltages 208, 220, 380, 440, and 
550; frequencies 60, 50, 40 and 
25 cycles; type P, 40C rise; types 
PN and PC, 55C rise 

Design: Rolled-steel frame; prelub- 
ricated ball bearings; end mounted 
conduit box 

Applications: Constant-speed drive 
for pumps, coolant pumps, and 
other face mounted equipment 
as variable-speed transmissions. 
For more data circle MD 36, Page 169 


Speed Reducer 37 


The Falk Corp., Milwaukee 8, Wis. 








Style: Right-angle, vertical, up- 
ward or downward; GDX double 
reduction, GRX triple reduction 

Size: 15 to 1000 hp 

Service: Occasional, intermittent or 
continuous duty; reduction—5.7:1 
min., 430:1 max; input—1750 rpm, 
higher if necessary 

Design: Shafts—heat-treated alloy 
steel in small sizes, SAE 1045 an- 
nealed forged steel in large sizes; 
bearings—straight roller and two 
tapered roller for high-speed 
shafts except on larger triple re- 
duction units where straight roll- 
er and ball bearings are used, ta- 
pered roller on all other shafts; 
gears—spiral bevel precision cut 
carburized and lapped in first re- 
duction, helical precision cut and 
shaved in other reductions; lubri- 
cation—forced to top of unit, 
gravity feed to gears—Falk pat- 
ented bi-directional oil pump 

Applications: General-purpose and 
special right-angle drives. 


For more data circle MD 37, Page 169 





Low in Cost — Small in Size — Dependable 
in Performance — AC or DC 





For industrial 
smoke detectors 


. For radio 
transmitter panels 
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For auxiliary 
gas engine 
generators 


SOCCER EES EHEESSES ESET ESESEEEE ESSENSE ECEES 


For television 
screen enlargers 
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For automatic 
furnaces 





street lighting control 
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N ADDITION R-B-M General 

Purpose Relays are used on 
X-Ray apparatus, permanent 
wave By. sox wire record- 
ers, automotive radio tele- 
phone communication equip- 
ment, vending machines, coin 
operated phonographs and 
many other applications. 





jet aircraft 
preheaters 





What is your relay problem? 
Write Dept. 8-1 today for Bulletin 570 
R-B-M DIVISION ESSEX WIRE CORP. 


its ed a CEE : 


~ : A 

























Contact wival | \ of Muskegon 


FOR ALL TYPES OF BALL AND ROLLER BEARINGS 4” BORE TO 120” OUTSIDE DIAMETER 


BIG PRECISION GRINDER 


...catlls fer Beg Prectston Bearings 


a onl Gh ) N0\ 


KAYDON Double Row Taper Roller Bearing, 
34.000” x 42.250" x 7.375", permits smooth, 
precision operation of the table spindle on 
the big 120” capacity double-head, heavy- 
duty super precision grinder shown at right, 


4 Reems double head grinder permitted production of 

super precision accuracy in Naval gun mounts. It 
was designed to produce work of an angular accuracy 
of less than one-half thousandth (.0005") in 72”, in 
flatness, squareness, concentricity, roundness and taper, 
and permitted interchangeability of gun mount parts 
which formerly were tediously hand scraped. Parts pro- 


duced in regular production to an accuracy of .0002". 
We believe this to be the world’s largest, super preci- 
sion industrial grinder, 26 of which were manufactured. 


In heavy oil field machinery, ponderous steel-mill 


equipment, complicated paper-mill units ...in rugged 


.. KAYOUN.. 


er 


Pi EGON 


7 


MUS K 


« 


ee oe 
ANIME (). K. 


road-building machines, excavators, hoists, crushers 
... powerful bending machines, production units, and 
other industrial equipment . . . KAYDON bearings are 
improving performance and lengthening service-life. 
Look to KAYDON, Standard or Special, for the better 
bearing service your equipment deserves. 


* *% * 


Counsel in confidence with KAYDON. Capacity now avail- 
able for all sizes and types of KAYDON bearings . . . and 
for atmospheric controlled heat treating, precision 
heat treating, salt-bath and sub-zero conditioning and 
treatment, microscopy, physical testing and metallurgi- 
cal laboratory services. 


KAYDON Types of Standard or Special Bearings: 
Spherical Roller - 


Ball Radial . 
Roller Radial « 


GinNnEERING C€ 


Taper Roller 
Ball Thrust 
Roller Thrust 


oR P. 


MICHIGAN 
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wares 7. consider When ‘electing 


85. Hydraulic Pumps & Cylinders 


Commercial Shearing & Stamping Co.—S- 


page illustrated catalog H-1 tains 
speci fica: and application - 
ta on line of oil- hand-operated 


in. stroke cylinders can be supplied in 1, 1%, 
2 and 2%-in. diameters. 


86. Aluminum Pig Production 


Reynolds Metals Co.—12-page 
booklet is descriptive of a = a of alu- 
minum pig by Hall electrolytic reduction proc- 
ess at Jones Mills, Arkansas, plant. Equip- 
ment for producing rated capacity of i144 
million —— of aluminum yearly is pic- 
tured electric reduction process is ex- 


87. Propelier Fan Wheels 
Co.—16-page 


mounting, wheels are 
where large br wma nn of air at 
under 1%-in. water must be moved. 


88. Chrome Plating Unit 


89. Small Flexible Shafts 


Kupfrian Mfg. Co.—2-page illustrated 
sheet 194-649 lists typical properties of nent 
duty flexible shaft couplings which 


plicabl 

aligned and light- duty power drives. 

*z- pe standard end fittings and cas- 
ing materials are some of the subjects listed. 





90. Molded & Laminated Plastics 


pictures typical —— in extensive line of 


in. minimum 
@ameter, 1%-in. minimum Lesa 
esm be supplied with bead-edige, end 


Dakin ey - . 1951 
—s describes line vents 
tube Aa, are 


special Specit 
a. on hace yen oe for use by automotive, 
electrical and other manufacturing industries. 


FOR MORE INFORMATION _ 


on developments in “New Parts” and “Engineering Department” 
is desired—circle aiicceti: 


sections—or if “Helpful Literature” 
ing numbers on either card below 








BUSINESS REPLY 





4 
sUSINESS REPLY. GARD whe 





4c POSTAGE WILL BE PAID. BY— 


MACHINE DESIGN 
Penton Building 


Readers’ Service Dept. 





CLEVELAND 13, OHIO 














Cleveland, Obie 





UUUMUUUUUAAN 






































M. D. Numbers MACHINE DESIGN 1-51 
1 21 41 61 81 101 | Penton Building re) 
2 22 42 62 82 102] Cleveland 13, Ohio ™ 
3 23 43 63 83 103 ~ 
4 24 44 64 84 104] Please send [i @r detailed information on 
5 25 45 65 85 105| subjects circled at leftcto+ 
6 26 46 66 86 106 
7 27 @ 6&7 8 107 
8 28 4 68 88 108 , 
9 2 4 6 89 109 . 
10 30 50 70 90 110] NAME ran TITLE 
11 31 «53 71 «9 (491 ‘\ 
12 32 52 72 92 112 | COMPANY a 
13 33 53 73 93113 a 
34 54 74 94 1141] MACHINES ' 
35 55 75 95 115 MANUFACTURED t 
36 56 76 9% 116 
37 S? 77 9 Wi7 | ADDRESS 
38 58 78 9 
2s 79 9 
42 & 8 100 




















fa ee we 
+ He dee 
ne i mu be 
i : hi 


fy a 


te te 


388 
Th if 
ie He Uh iti g>aiif He 








rite 





Sule au 





i 
fe ya 
rt He me il 
iat st vaitia 1 " Hd, 
oe Wim a rue bt 





oath 
b if i 








i 


i 
He th F i : i 


ali ia i “fF 1 ae 2 





SR ee 


UTUTIUUUAUIUNE 





t 


ry 


SN eee eae Ene ER EROS ae a eo on eae esate en doesn does efit ereneh ov aseresc 














% - 
*,* 


t 








aval 


13, OHIO 


CARD |“. 


No Postage Stamp Necessary if Mailed in the United States 


4c POSTAGE WILL BE PAID BY— 


13, Ohio 
send literature or -letailed information on 
circled at left to— 





Building 














This cord MUST be completely filled out, art) 









101 | Penton 

102 

103 

MACHINE DESIGN 


104] Please 


SSSIISCSaKcKRreereres 
SUSIIIOeeRsaasesness 
SRKRARAKKKaAARzRAneese 


KAO THOn@SOO-aem em 


BUSINESS REPLY 


M. D. Numbers MACHINE DESIGN 




















Readers’ Service Dept, 











Certainty with 


for €::\0.14-® Condensing Units 


SINCE 1906 


Many of the units in Brunner’s broad line must stand up to extremely 
rugged operating conditions in various refrigerating and air con- 
ditioning applications. A secure Shaft Seal is of vital importance 
to assure continuous, trouble-free compressor operation. That’s THE 
why for years Brunner has standardized on Rotary Seals. . for, like ROTARY 
many another leading manufacturer in diverse fields, Brunner SEAL 
has gained conclusive on-the-job proof that Rotary Seals mean 
Shaft-Sealing Certainty. PRINCIPLE ff ‘ 
ROTARY SEAL can put an end to shaft-sealing worries for your is the original approach to 
units—can give you the same assurance of continuous trouble-free —- solstion of @ uni- 
- . , versally troublesome prob- 
performance, even where demands are heaviest—with a “tailor- lem. Our booklet "SEALING 
made” adaptation of the basic Rotary Seal principle to fit your WITH CERTAINTY" explains 
special requirements. For best results, call in our experienced engi- and illustrates the principle. 
neers at the drawing-board We're glad to send it to you 
: stage—their knowledge of without obligation. 
mechanical hundreds of specialized 
THE seals applications can often sug- 


i>) ror gest the simplest design 


approach from the Shaft- 


| 
“ROTA Rr ¥. Sealing standpoint. 
EAL —~< 


gh 
// shaft 
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is on this list— 


PAPER 
AERONAUTICAL 
MACHINE BUILDING 
BUSINESS MACHINES 
TELEVISION - RADIO 
HOUSEHOLD APPLIANCES 
SPORTING GOODS 
SAFETY FOOTWEAR 
AGRICULTURE 
AUTOMOTIVE 
TEXTILES 
MEDICAL 
LEATHER 


you can benefit from 


yer 


Tyer technical knowledge and 
original thinking are available 
to you to make Rubber, our 
product, more useful to you in 
your product. The same know- 
how and resourcefulness that 
led Tyer to originate White 
Rubber and Elastic Webbing in 
the early days of the industry, 
have enabled Tyer, through 
war and peace, to supply 
American manufacturers with 


THE UNUSUAL IN RUBBER 
SINCE 1856 


RUBBER COMPANY 


ANDOVER, MASSACHUSETTS 
159 Duane St., NEW YORK 189 W. Madison St., CHICAGO 
6-254 General Motore Bidg., DETROIT 


YOUR INDUSTRY | 


‘PATENTS 


EectromaGnetic RETARDING of heavy road 
and rail vehicles is possible with an eddy-current 
brake that gives a substantial amount of frictionless 
auxiliary braking at low cost. Patent 2,516,903, as- 
signed to Warner Electric Brake Manufacturing Co, 
by John G. Oetzel, describes a device using a magnet 
ring fastened to the rear axle housing and partly 
surrounded by a metallic drum which rotates with 
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the rear wheel axles. Since the magnet is stationary, 
energizing the winding creates a retarding effect on 
the drum, and consequently the axle, which is pro- 
portional to vehicle speed and the energizing current. 
Because the drum is geared to rotate at from six to 
ten times axle speed, efficient braking action is ob- 
tained even at relatively slow vehicle speeds. 


F REE RUNNING of an overload-release spring- 
clutch mechanism, when disengaged by a predeter- 
mined overload, prevents accidental damage to 
jammed power drives. Pushing an axially spring- 
loaded control button moves the clutch-spring as- 
sembly axially within the pulley and engages a pin 
on the driving shaft with a hook on the free end of 
the clutch spring. Since the other end of this spring 
is connected to the pulley flange, a positive yet cush- 
ioned drive results which does not depend on fric- 
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C’mon kids, 


it’s s-m-o-o-t-h— 


Cutaway view of the 
Twin Disc HYDRO-SHEAVE 


Twil 


CLUTCHES ANO/WYDRAULIC 


\ 


1 


(pise 


\ 


ORIVES 


Scare a kid, and you scare away 
a repeat customer. And noth- 
ing scares a small child like 
sudden, unexplained jolts. 

This is the reason many 
amusement rides for young tots 
—like more and more produc- 
tion machines—are equipped 
with 7'win Disc Hydraulic Cou- 
plings, or Twin Disc Hypro- 
SHEAVE Drives. For these fluid 
power units, on any equipment 
from % to 40 hp give you starts 
of unbeatable smoothness. 

The load starts smoothly and 
accelerates smoothly—with 
never a worry over a burned- 
out motor from overloading or 
stalling. The hydraulic unit ab- 


sorbs shocks and strains. More- 
over, this smooth pick-up often 
permits the selection of a power 
unit on the basis of the running 
load, instead of a higher start- 
ing load. 

The HyDRo-SHEAVE is a pack- 
aged unit, complete and ready 
to install except for the sheave. 
The whole unit can be attached 
in a few minutes.- Try a Twin 
Disc Hydraulic Unit on your 
equipment just once—and you'll 
wonder how you ever got along 
without it. For complete infor- 
mation write for Bulletin No. 
144-B (Hydraulic Couplings) 
or Bulletin No. 145-B (HypDrRo- 
SHEAVE DRIVEs). 


Clutches & Hydraulic Drives 


CCOOCHOKKACOeCeHHEOAGE 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin + HYDRAULIC DIVISION, Rockford, Illinois 


BRANCHES: CLEVELAND + DALLAS + DETROIT > LOS ANGELES > NEWARK +» NEW ORLEANS + SEATTLE + TULSA 
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DC TRICKS 





with AC Contactors 
and vice versa 


Put a DC 
the-line A 


. «+ do direct AC switching from DC battery voltages 
- hold-in despite poor voltage regulation—down 
to 15% of rated voltage 
.». eliminate troublesome AC hum 


ower plant in Ward Leonard’s 4110 across- 
magnetic starter, and you can 


Or use a DC contactor with an AC power plant (Ward 
Leonard designed the contactors for this) and— 
. . switch a variable-voltage DC control system 
from a constant potential AC source 
. get dynamic braking just by adding a contact— 
rather than a separate contactor 


Investigate Ward Leonard AC-DC combinations. Write 
for Control Catalog. WARD LEONARD ELECTRIC CO., 58, 
South Street, Mount Vernon, N. Y. Offices in principal 
cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
| Wl I OIL, 


A 











tional engagement between the spring and shaft or 
spring and pulley. The clutch is held in the drive 
position by a spring-loaded ball which drops into a 
groove in one of the driven members and prevents 
relative axial movement of pulley and shaft. When 
torsion in the clutch spring exceeds a predetermined 




































































value, the spring allows relative rotation between 
pulley and drive sleeve, and a cam surface on the 
pulley flange displaces the lock ball from its groove 
to disengage the drive. In the disengaged position, 
the drive shaft pin is completely disconnected from 
the clutch spring to provide free running between 
pulley and drive shaft. The patent, No. 2,528,477, 
has been ‘assigned to The Marquette Metal Products 
Co. by Weldon E. Rugh. 


V aryine DISCHARGE RATE in constant-speed 
gear pumps is accomplished by sliding the gears ax- 
ially relative to one another to change the amount of 
tooth overlap or mesh and thus the fluid discharge 
rate. A-nonrotating block having a notch which 
matches the gear moves with the sliding gear to seal 
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off the uncovered portion of the drive gear. Stops 
are set on the sliding gear to prevent complete dis- 
engagement of the gears, but tooth mesh can be re- 
duced to the point where the fluid pumped is just 
sufficient to make up for internal leakage in the 
pump, resulting in a zero discharge rate. By using 
more than one sliding gear in connection with a pres- 
sure-responsive control system the pumps, covered in 
patent 2,526,830 and assigned to H-P-M Development 
Corp. by Howard M. Purcell, can be made with re- 
versible flow and to provide a constant-pressure out- 
put while driven at constant speed in one direction. 


SELF-ENERGIZATION of disk brakes is simply ac- 
complished by using steel balls in cone-shaped re- 
cesses to transmit and increase the braking force. 
Homer T. Lambert has been granted the patent, No. 
2,526,143, which has been assigned to Lambert Brake 
Corp. When the spring-mounted, floating pressure 
plate is moved radially by a cam, the balls act on the 
cone-shaped surfaces in the housing and floating disk 























! 





to force the friction surfaces together. When con- 
tact has been made between the friction disks, ten- 
dency of the floating disk to rotate produces addi- 
tional axial thrust or self-energization. The friction 
disk rotating with the braked shaft is loosely splined 
to its shaft to permit the axial movement necessary 
to engage and disengage. At least two balls, diam- 
etrically opposed, are used in conjunction with two or 
more springs to actuate and retract the floating disk. 


One-way fluid coupling drive which will not 
transmit torque in the reverse direction is described 
in patent 2,521,117 granted to George B. DuBois and 
Roland B. Ungerer and assigned to Wright Aeronau- 
tical Corp. Driving half of the coupling is fastened 
to a hollow input shaft through which fluid is sup- 
plied to the coupling. Driven half of the coupling is 
splined to the output shaft with a lost motion con- 
nection which permits a small relative rotation be- 
tween these two parts. When torque is in the proper 
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because it does 
man-sized jobs 


A mighty midget is this Ward Leonard 105 Relay! 

It’s frequently used on jobs normally requiring 
heavier-duty relays. Certain types are Underwriters- 
approved as motor controls. 

Unique spring suspension adds a self-cleaning action 
to the oversize silver-to-silver contacts. Note how the 
posts are securely anchored in the base—another typ- 


ical Ward Leonard feature. 
Write for Bulletin 105. WARD LEONARD ELECTRIC 


co., 58 South Street, Mt. Vernon, N. Y. Offices in prin- 
cipal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 


|: ae I ee 


NTROL DEVICE 


RE I RHEOSTATS «+ RELAYS + ( 
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yey. 


Imagine your dog’s delight on seeing a solid column of biscuits 
160’ long and 42” wide! That’s the carrying surface of this 
Cambridge Woven Wire Conveyor Belt in a recirculating oven at 
Kendall Foods Company, Bell Gardens, California. 


Balanced Weave, specified for this installation, is low in cost, 
eliminates creeping of the belt on the drive pulley, and provides 
high tensile strength. Open mesh of the belt allows free circula- 
tion of heat within the oven . . . crumbs and broken bits of biscuit 
fall through the belt, cannot foul up automatic packaging 
equipment at the end of the oven. 


Whether you’re baking biscuits, processing meat or canning 
vegetables, there’s a Cambridge Woven Wire Conveyor Belt to 
help mechanize your production. Stainless steel to meet sanitary 
codes is a standard material of construction 
for our food plant customers. Call in your 
Cambridge field engineer today, let him 
explain the superior construction features of 
Cambridge Woven Wire Conveyor Belts ... 


The Cambridge 
Wire Cloth Cea. 


Dept. N * Cambridge 1, Md. 


WRITE FOR FREE 
MANUAL illustrating 
and describing 
conveyor belt 
installations for 
food, metalwork- 
ing, chemical, 
ceramic and other 
processes. 






OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
See “Belting - Mechanical” in your Classified 
Telephone Directory. 
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direction, holes in the flange of the driven half of the 
coupling line up with holes in the input shaft to ad- 
mit fluid to the coupling. Reversal of torque rotates 
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the driven coupling member relative to the input 
shaft and blocks the supply holes. Fluid in the coup- 
ling drains out and prevents transmission of any 
torque in the reverse direction. 


CrntriruGALLY -CONTROLLED cam-operated 
flyweights provide positive drive in an impact clutch 
mechanism for rotary impact tools. Centrifugal force 
throws the lower end of pivoted flyweights out to con- 
tact jaws on the anvil member. When rotation of the 
anvil is stopped, cam surfaces on a drive plate splined 
to the motor shaft engage the upper ends of the fly- 
weights to retract the weights to a smaller radius. 
Because kinetic energy, which does not change ap- 
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preciably in this time, is proportional to radius times 
the speed squared, the drive plate and hammer pick up 
sufficient rotational speed to again throw the weights 
out to contact the anvil jaws. Direction of impact 
can be reversed merely by changing rotation of the 
motor. 
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me 
Whatever You Want 
in a General 
Utility Pump 
.»» Here It Is! 















TOTAL HEAD IN FEET 












OVER 10,000 








STANDARD COMBINATIONS 
WITH WORTHINGTON 
CN AND DN CENTRIFUGALS! 


The modern answer to today’s small pump problems — Worthington 
CN and DN Pumps offer a breadth’ of coverage and a choice of style 
that will suit your requirements to a T. Hydraulically, both types 
are identical. Their liquid ends, of the same highly efficient, up-to- 
the-minute design, are interchangeable, and can be equipped with 
either conventional packing or mechanical seal. 

Type CN, frame-mounted, is a real ‘‘any-drive’’ pump — readily 
driven by an electric motor, V-belt, or any other mechanical power- 
source. Type DN is the famous Worthington Monobloc design — 
compact, streamlined, with built-in motor. 


This Is Real Coverage 

With the CN and DN you have 40 sizes of pump-casings to choose 
from, with capacities from 10 to 1750 gpm and heads from 20 to 500 
ft., as shown on the above chart. There are 200 combinations of 
frame-mounted designs and, considering both type pumps, over 
10,000 standard combinations! Despite this wide range — the CN 
and DN pumps are designed to have maximum interchangeability of 
component parts. 

From this vast selection you're sure to find the combination that 
will meet your pumping needs. That means the end of compromising 
with pumps that are not just right for you — and the beginning 
of the money-saving performance that proves there’s more worth in 
Worthington. For details, call on your Worthington distributor, your 


“Local Good Right Hand of Industry’’, or write to Worthington Pump 
and Machinery Corporation, Pump and Compressor Merchandising Division, 


Harrison, New Jersey. 


WORTHINGTON 
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WORTHINGTON PUMP AND MACHINERY CORPORATION 
PUMP AND COMPRESSOR MERCHANDISING DIVISION 
HARRISON, NEW JERSEY 
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Type DN, Monobloc 








POWER TRANSMISSION: 
sheaves, V-belts, variable speed drives 


PUMPS: 
centrifugal, power, rotary, steam 


AIR COMPRESSORS: 
water-cooled, air-cooled 
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BECAUSE 


of 
Reh'/ Alo) iE: 


FLEXIBLE COUPLINGS 






Type “"H" 





Heavy Duty 


POWER 


LASTS LONGER... 


RUNS SMOOTHER! 
Here’s Why! 


These simple, sturdy couplings compensate 
for MISALIGNMENT, VIBRATION, START- 
ING, TORQUE, BACK-LASH, WHIP, 
SHOCK, SURGE. 


LOVEJOY 
L-R FLEXIBLE COUPLINGS 
Require NO LUBRICATION 
Require NO MAINTENANCE 


Require NO SHUT-DOWN for 
change of cushions 










Write for 
Catalog 
and 
Handy 
Selector Chart 


* 












LOVEJOY FLEXIBLE COUPLING CO. 


5018 W. Lake St., Chicago 44, lil. 


Also Mfrs. Lovejoy Variable Speed Transmissions and Lovejoy Universal Joints 





180 












on more than 1500 subjects. 

Adequately cross-referenced to guide the reader 
the manual parallels a dictionary in layout and in 
use. Many basic terms are defined in a line or two. 
Topics, broader in scope, such as metals vs plastics, 
polyester resins and compression molding presses, are 
treated on several pages or more. 

An important feature for the designer is the cov- 
erage with respect to fields of application, such as 
aircraft, automotive, electrical appliance, etc. These 
major fields of plastics applications and others are 
discussed in some detail, each entry giving the com- 
ponents for which plastics are used, the specific plas- 
tic used and the properties which make that plastic 
suitable. 

The appendix, which is equally valuable, is divided 
into three sections: a list of 1400 tradenamed plas- 
tics, including foreign makes, with composition and 
manufacturer identified; fabrication charts covering 
tooling and operating conditions for the various plas- 
tics; and bar charts showing comparative costs and 
properties of various plastics. 


Government Publications 


Heat Treatment and Properties of Iron and Steel— 
NBS Circular 495: This 33-page, 8% by 11-inch 
booklet presents basic theoretical and practical prin- 
ciples involved in the heat treatment of ferrous met- 
als. Topics discussed include properties of iron, al- 
loys of iron and carbon, decomposition of austenite, 
heat treatment of steels and cast iron, hardenability, 
nomenclature of steels, and properties and uses of 
steels. A list of selected references is also given, and 
a liberal number of graphs, tables and photographs 
illustrate the text. Prepared by Samuel J. Rosenberg 
and Thomas G. Digges, the circular is available from 
the Superintendent of Documents, U. S. Government 
Printing Office, Washington 25, D. C., for $0.25 each. 


Formulas and Tables of Coefficients for Numerical 
Differentiation with Function Values Given at Un- 
equally Spaced Points and Application to Solution of 
Partial Differential Equations—NACA TN2214: Gen- 
eral differentiation formulas for successive deriva- 
tives of a function are obtained in terms of the values 
of the function at unequally spaced arguments and 
the corresponding distances between the successive 
arguments using Lagrangian polynomials of various 
degrees. The remainder term is also obtained. Tables 
of coefficients in the formulas for the first four de- 
rivatives are given in intervals of 0.01 for the special 
case where only one spacing at either end is differ- 
ent from the others, as is often <ncountered near a 
curved boundry, for different ratios of this spacing 
to the others. 

A general discussion of applying these formulas to 
the numerical solution of partial differential equa- 
tions is made. In particular, the application to the 
equations of the elliptic type is illustrated with a 
problem involving derivatives of both first and second 
orders and with the value of the function given on a 
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The way to handle a big load smoothly and 
easily with the smallest possible anti-friction 
unit is to use a Torrington Needle Bearing. 
The Needle Bearing has a higher radial 
capacity than any other anti-friction bearing 
of comparable size. We will be glad to 
show you what this can mean in terms of the 
compactness, capacity, life expectancy and 


all ‘round performance of your equipment. 


THE TORRINGTON COMPANY 
Torrington, Conn. ° South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of the 
United States and Canada 


TORRINGTO 3EARINGS 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + STRAIGHT ROLLER + BALL + NEEDLE ROLLERS 





How one Pittsburgh Brush* 


POLISHES 








10,000 HEATING 


UNITS 





* An actual casé history * 
from The Edwin L. Wiegand Company, 
producers of CHROMALOX Heating Units. 


L beacerve this company needed a way to take the 
ragged edges off heating units economically 
and fast, they turned to sturdy, tough Pittsburgh 
Brushes for the answer. The 6” Pittsburgh steel wire 
brushes like that shown above polish 10,000 heat- 
ing units during their life. 


LET PITTSBURGH ENGINEERS 
SOLVE YOUR BRUSH PROBLEMS 


Pittsburgh’s complete line of brushes / 
of every type, for every purpose, will | 
provide a practical, economical solu- 
tion of any brush problem you might 
have. Drop us a line on your company 
letterhead for a copy of our new booklet that 

shows, through actual case histories, how Pittsburgh 
can help cut your brushing operation costs. Address: 
PittspurRGH PLate GLass Company, Brush Div., 
Dept. W1, 3221 Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 


Fue Vite ves, 


BRUSHES * PAINT °* GLASS * PLASTICS 


PITTSBURGH PLATE GLASS COMPANY 

















circular boundary. After replacement of the deriva- 
tives by the formulas based on fourth-degree poly- 
nomials, the resulting set of equations is solved by 
both relaxation and matrix methods. Also indicated 
are similar applications to problems of compressible 
flow past isolated and cascade airfoils and through 
turbomachines, and temperature distribution and 
thermal stresses in cooled turbine blades. Copies of 
this report may be obtained from the National Ad- 
visory Committee for Aeronautics, 1724 F St., NW, 
Washington 25, D. C. 


Manufacturer and Association Publications 


Drafting Standards for Aluminum Extruded Prod- 
ucts: Purpose of this manual is to outline certain 
basic drafting practices for extruded products and to 
standardize these practices as far as practical at this 
time. Aluminum extruded products are first defined 
and identified. Following sections cover standard 
tolerances, proper dimensioning and standard abbre- 
viations. Recommendations on arrangement and let- 
tering of drawings are also given. The text is suf- 
ficiently supported by illusirations and tables. Single 
copies of this 52-page 6 by 9-inch booklet may be ob- 
tained by directing company-letterhead requests to 
The Aluminum Association, 420 Lexington Ave., New 
York 17, N. Y. 


The ABC’s of Welding High Tensile Steels: In 
simple question and answer form, this booklet com- 
pares mild steel and low hydrogen electrodes as re- 
lated to preheating, underbead cracking, moisture in 
the are and in the coating, burn-off rate, cost of op- 
eration, applications, and stress relieving of the weld- 
ments. Copies of the 7-page booklet may be obtained 
by writing to the Arcos Corp., 1500 South 50th St., 
Philadelphia 43, Pa. 


Bibliography on Nonmetallic Bearings: This is an 
annotated bibliography of 101 selected references to 
the literature of the past twelve years, covering non- 
metallic bearings in all such aspects as their manu- 
facture, design, properties, wear, lubrication, per- 
formance, testing and application. Some bearing ma- 
terials are rubber, wood, laminated phenolic plastics, 
resin-impregnated cotton fabric, micarta, and nylon. 
Applications discussed are for rolling mills, marine 
propeller shafts and rubber posts, automatic presses, 
etc. Copies of the 13-page paper-bound mimeo- 
graphed booklet may be obtained from the Engineer- 
ing Societies Library, 29 West 39th St., New York 
18, N. Y., for $2.00 each. 


Manual of Welding Engineering and Design: A 
43-page, 5144 by 8%%-in. booklet containing technical 
data on characteristics, applications and operational 
procedures of Eutectic alloys and fluxes. All phases 
of the art of welding are also discussed. This first 
manual of th« Eutectic National Defence Series may 
be obtained by writing to the Technical Information 
Service, Eutectic Welding Alloys Corp., 40 Worth St., 
New York 13, N. Y. 
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A VERSATILE 


In RELAY 


The odd little relay at left with the protruding schnozzle 
was nicknamed ‘‘Wigglestick'’ by an engineer in one of 
his lighter moments. Its usefulness to designers of elec- 
trical circuits is not to be regarded lightly, however. 

used alone, this vibrating reed relay in a self-interrupt- 
ing circuit will generate time pulses. Hooked up with a 
slow-release relay, like the one shown above it, the pair 
may be used in special delayed circuits, adjustable to 
any value from one to eight seconds. Other combinations 
provide a still wider range of application. 

These stock relays are typical of a wide variety made 
by North, one of the oldest manufacturers of relays and 
switching equipment in the country. The choice ranges 
from midgets to multiples, from single-makes to pile-ups 
controlling up to thirty-two circuits with one double-wire 


control circuit. 


NORTH RELAYS. 


Set a high stanciard of performance and permanence 
because this company specializes in all-relay switching 
equipment. North relay engineering service is second 
to none. 


FOR PROMPT REPLY 
ADDRESS DEPT. D 
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GRIPCO LOCK NUTS 





PUSH PRODUCTION 





GRIPCO PILOT-PROJECTION 


WELD NUTS 








Made to lock on bolts of varying tolerances 
—start on the Bolt easy, just like a common 





nut. When the “double triangle’’ deflected 
Nut Threads (patented) engage the Bolt 
Threads, they make a secure “union’; a 
“couple” that can only be “divorced’”’ by 
a “‘wrench’’. 


Locks wherever it stops. Its sustained holding 
power is unaffected by vibration, oil, water 
or chemicals. Can be removed and reapplied 
many times without appreciable loss of lock- 
ing -efficiency. Available in Steel or Brass. 
Made to fit, National fine or National coarse 
thread bolts. 





Shock Resistance 


(Continued from Page 136) 


compressed when the pushbutton is in its nor- 
mally open position. If this initial compression is 
made large, the device becomes capable of with- 
standing considerable acceleration without the 
pushbutton experiencing relative motion. 

3. Distance between contacts should be made as 
great as convenient operation of the device will 
permit. In general, the magnitude of the shock 
which can be successfully withstood increases 
as the distance between contacts increases. 


Beneficial results attainable by increasing the stiff- 
ness of functional members is well illustrated by a 
redesign of the bimetallic strip commonly used as a 
heater element in overload circuits. The convention- 
al strip, shown schemitically in Fig. 25a, comprises 
two strips of dissimilar metals welded or soldered to- 
gether flatwise. In order to obtain the necessary 
flexure, such a strip is required to be relatively flex- 
ible. It is therefore easily deflected by inertia forces, 
and is not well adapted for use in equipment which 
is required to be shock resistant. 


Rigidity in Bimetallic Mechanisms 


A method of introducing rigidity into a bimetallic 
mechanism is illustrated in Fig. 25b. The two tem- 
perature-responsive strips actuate the mechanism by 
means of axial extension and contraction rather than 
flexure. When subjected to temperature changes as 
a result of conducting an electric current, one of the 
strips elongates more than the other and the lever is 
rotated in a plane parallel with the plane of the 
paper. The right end of the lever engages electrical 
contacts, which are embodied in the control circuit of 
the equipment. Important features to note in con- 
nection with the redesigned mechanism are: 


1. Temperature-responsive members are not required 
to flex. They can be built with great rigidity 
since their deflection, in the axial direction, is 
not impeded by a large cross-sectional area. The 
mechanism therefore can be made sufficiently 
rigid to insure that the contacts are not acciden- 





Save time and trouble. The circular Pilot 
centers the Gripco Weld Nut instantly, right 
over the bolt hole, for quick, accurate weld- 
ing. No measuring. No jigs. No time wasted. 
Gripco Weld Nuts are available with standard 
threads or with Gripco Lock threads, and 
with two Pilot heights to fit different thick- 
nesses of metal. 


tally engaged as a result of shock. 

2. Magnification of motion, which is necessary in a 
mechanism of this type in order to obtain ade- 
quate travel at the contacts, is obtained from 
the pivoted lever in contrast to the flexing strip. 
The lever may be made very rigid, which con- 
tributes to the ability of the mechanism to with- 
stand shock. 

Samples and prices on both Gripco Lock Nuts 

and Gripco Pilot-Projection Weld Nuts will be 

sent promptly on request. Specify type of 
thread as well as sizes of nuts. 


IRREVERSIBLE MECHANISMS: Shock resistance often 
can be attained by employing an irreversible com- 
ponent or combination of elements. An irreversible 
component is defined as one which responds only to 
a force or torque applied at the input side, remain- 
ing unresponsive to a force or torque applied at the 
output side. A common irreversible device is a screw- 
and-nut, in which the nut experiences translatory 
motion as a result of a torque applied to the screw. 
The screw cannot be made to rotate, however, by 


NMOd S1LSO) HSfid 








NUT COMPANY 


310-W SO. MICHIGAN AVE., CHICAGO 4, IiL. R-5354 
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32,000 hours of testing 
—per week on V-Belts alone! 





In Gates V-Belt testing laboratories, which are by far the largest in the 
| world, we run 32,000 hours of testing per week on V-Belts alone. Thats’ the 
|} equivalent of 5 years of continuous service for one belt—all in a single week! 





















This intensely Specialized Research on V-Belts has naturally given Gates 
Engineers a knowledge of V-Belts and V-Belt drive design that is truly un- 
usual—and it is this specialized knowledge that is embodied in the Gates 
_ “GUIDE for SELECTING or DESIGNING V-BELT DRIVES.” 


Take Advantage of this Great Store 
of V-Belt Knowledge—FREE! 


T . 

V- BELT DRIVES 
: The GUIDE is widely recognized as the most comprehensive and com- 
plete book of its kind—as well as the easiest to use—and it is yours for the 
asking! 


Another Gates publication, the “INDUSTRIAL NEWS,” published 
monthly, brings you the case histories of actual V-Belt Drives that have been 
designed and used by practical operating men or by plant engineers—report- 
ing all that is new and progressive in V-Belt drive practice. 


Whether you are a practical operating man or a design engineer, you 
can save much time, hard work and money by having these very useful Gates 
publications. They are entirely free—are sent to you without the slightest 
obligation. Just mail the coupon below—today! : 
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Oo 
THE GATES RUBBER COMPANY! tmdtm aa 
The World’s Largest Makers of V-Belts ] City. St % 
\ ; 


DENVER, U.S.A. 
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PALMETTO 


Dee 





to 15,000 psi 


Now you can step out in design with a posi- 
tive seal—for piston or rod assembly— 
that won't extrude between mating parts. 


Design of a single packing capable of standing up as 
a positive seal for long periods of rigorous service at severe 
pressures presented a tough problem to packing design en- 
gineers — but Palmetto’s G-T Ring Packing has come up 
with an even more impressive answer than was hoped for. 


This packing has already been widely adopted for 
double-acting hydraulic and pneumatic services—not only 
for non-extrusion performance but for its ability to seal 
without leakage to 15,000 psi; from —70 F to 250 F.. 
and has proved adaptable as a static seal or as a seal where 
there is reciprocating or oscillating motion. 


Design also allows wider clearances between piston and 
bore, thus permits wider tolerances and reduces manufac- 
turing costs. 


Palmeito’s complete answer to this packing need is 
typical. Investigate the “G-T” .. . the “Pyramid” . . . other 
packings in the complete Palmetto line. When you have a 
tough one, think of the Palmetto Packing Specialist.—He'll 
have the answer and it will always be Palmetto-Perfect. 


= THE G-T RING® PRINCIPLE 
T 


he C-T Ring consists of a resilient sealing ring of 
synthetic rubber in a T-section supported on —_ 
side by = non-extrusion ring retainers 
zxyY 


I 


Diagram A shows a G-T Ring installed prior to application 
of pressure. Note the initial squeeze of the synthetic re- 
silient element which provides the seal at no pressure, and 
the clearance which is allowed at W and X to prevent fric- 
tion at low pressure. 

Diagram B shows the G-T Ring under full pressure. The 
deformation of the resilient element at Z causes radial swell- 
ing of the flange on the low pressure side of the seal, 
forcing the non-extrusion rings tightly against the cylinder 
wall at X, preventing the resilient element from extruding 
into the clearance space at Y. It is this outstanding feature 
that makes PALMETTO G-T Ring Packing the ultimate in seals. 


Write today for Bulletin TB-918 ‘ 


fpccHied dence 18E0 


“WHEN PACKING PERFORMANCE COUNTS” 


GREENE, TWEED & CO. 


PENNSYLVANIA 















NORTH WALES, 


186 


applying an axial force to the nut unless the helix 
angle is made substantially larger than normally 
used. 


BILLIARD-BALL ACTION: A movable member of 
rigid construction, which normally rests against a 
rigid stop, may acquire a velocity as a result of a 
stress wave in the stop. This has been termed “bil- 
liard-ball action” because of its similarity to the 
principles governing the motion of billiard balls. The 
strain associated with this stress wave is extremely 
small, but the great stiffness of the balls results in 
a force being applied to the balls of sufficient mag- 
nitude to cause an appreciable velocity. 

If a spring of relatively low stiffness is inserted 
between one of the balls and the stop, the small dis- 
placement resulting from the stress wave traveling 
through the stop then causes a negligible force to be 
applied to the balls, and no motion results. This 
principle should be followed where two rigid but 
relatively movable members rest in contact. 


Strain Gages 


(Concluded from Page 148) 


22 simultaneous records giving a series of data show- 
ing how the suspension system responded to radical 
changes. These data gave a good idea of the general 
character of truck action and indicated that the mo- 
tion was initiated by the axle. This suggested two 
ways to proceed in an attempt to correct the condi- 
tion; one was to control lateral motion of the axle 
and the other to control angular motion of the truck 
frame. 

An attempt to control lateral motion of the axle is 
illustrated by the data of Fig. 5. On examination of 
the various curves it will be noticed that various de- 
grees of hydraulic damping produced little or no ef- 
fect on car body acceleration trace a which after all 
is the pay-off, but an important change was produced 
in the action of the truck frame. Traces c and d if 
carefully examined, show a 90-degree shift in phase. 
Record I shows that the two traces are about 90 de- 
grees out of phase while in IV and V they are 180 
degrees out of phase. This last bit of data provided 
the key to the ultimate solution as it indicated where 
control would be the most effective. The next step, 
therefore, was application of an angular damper be- 
tween the truck frame and car body with the results 
that can be seen in Fig. 8. The accomplishment needs 
no elaboration. 

This is but one example that illustrates the useful- 
ness of this method of measurement. It is easy to 
visualize any number of instances in design where 
similar knowledge of the complex interrelation of all 
the variables involved would make it relatively easy 
to single out the element that caused all of the trouble. 


“Do not go through your life collecting data from 
handbooks or tests and call yourself an engineer. 
Regardlecs of the excellence of the reports you write, 
leadership is acquired only by the successful taking 
of risks”—CrosBy FIELD, president, Flakice Corp. 
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Which Design 


answers your most important problems 
oe about micronic filtration? 
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WHICH 
is the only micronic 
filter that works 

by a positive 
mechanical principle? 


Cuno MICRO-KLEAN cartridge 
consists of tiny fibres distrib- 
uted under scientific control 
and resinous impregnated and 
polymerized to prevent soften- 
ing, swelling, hardening, 
shrinking, rupture or channel- 
ling. Solids are simply en- 
trapped in the interstices—no 
other means is utilized. Densi- 
ties: 10, 25, 50 microns. Wide 
range of fluids, flow rates and 
capacities (from a few to more 
than 800 gpm). Single or mul- 
tiple cartridge units. 


longer life—Exclusive “graded density in depth” 
permits smaller particles to penetrate to vary- 
ing depths—doubles dirt-holding capacity. 


low pressure drop 
Changing cartridge is quick—and clean. 


CUN 





Complete Line 
HWluid Conditioning 
Removes More Sizes of Solids 
from More Types of Fivids 


MICRONIC Micro-Klean ¢ DISC-TYPE Auto-Klean 
WIRE-WOUND Fio-Klean 
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WHICH FILTER 
needs 
the least 
amount of room? 


Cuno MICRO-KLEAN car- 
tridge is utterly simple. It’s 
all filter, no structural com- 
ponents. This means less 
space needed—and makes 
full-flow filtration practi- 
cal for either external or 
built-in applications. 


is guaranteed for 
specific performance? 


Felting of fibresisaccurately 
controlled for various den- 
sities . . . so that a Cuno 
MICRO-KLEAN of a given 

"He density will positively re- 
4a move 100% of all solids for 
att which it is rated, plus a 
large percentage down to 1 


No Fluid Is Better Than Its Filtration © micron. 


Mail this Coupon . . . for FREE Catalogs 


me Gm Cub cm cum ae cn Es GES Gab Ge Gam eb tee. Gls Gus lo Gn Ss le es - 
CUNO ENGINEERING GPRPORATION | 
Make Sure to Investigate 2014 South Vine St., Megiden, Conn. | 
MICRO-KLEAN First Please send information qn Cuno MICRO-KLEAN for | 
services checked. s oN | 
DO Lubricating Oil = 4 
N 4, Zitle | 
(C0 Hydraulic Oil GMOs ecerereseverseeeee 3° 4 seer eeeereeeeee 
a,’ 

C) Water end Water Selvtions tit. « % siineeoncesde Tp Ag teeta twee ewes | 

C0 Compressed Air Ce 
C Fuel oi Address ac cccccccccccocccced % be Fe | 

‘a 
0 Acids Giissinasen009s0nnacdeanlieeiniee scared | 
PLEASE ATTACH COUPON TO YOUR BUSI LETTERHEAD 
an a Gm ae om am Gs os Gn ae Gt Gs Gs om ab Ge Gn a om oS ene ams as 
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Put ALL of the Oil to Work== | End-Loaded Beams 


(Concluded from Page 140). 


(3000/0.109) + (475x0.5/0.01268) = 27,500 + 18,- 
700 = 46,200 psi. 


EXAMPLE 2: Fig. 9 shows a simple supported beam 
of 1-inch square cross-section carrying a concentrated 
load of 1250 pounds at its center. For added strength, 
the beam is braced by the cable and central strut 
shown, the strut being screwed up until the force in 
it is 1000 pounds. Plot the bending moment diagram 
for the beam and calculate the magnitude of the max- 
imum resultant stress. Assume FE = 30x 10° psi. 

The length of the cable is 2\/(12.5)? + (30)? = 65 
in. By resolution of forces at the lower end of the 
strut, the tensile force in the cable is (1000 x 32.5) / 
(12.5x2) = 1300 pounds. The beam then carries an 

| axial compressive load of 1300x30/32.55 = 1200 
OIL H Y DR AU Lic PUMPS | pounds, together with a resultant lateral load of 
(1250—1000) = 250 pounds. The relevant moment of 
inertia for bending of the beam is 1/12 in.* and hence 





A visible leak in your hydraulic circuit would be 
stopped quickly. Bypassed oil is a “leak” in your 
circuit. A loss to you. RACINE Variable Volume 


Pumps, with their automatic governors, deliver a —— 12 

only the volume of oil needed for the job. There 2 30 X 106 

is no excess to be lost through relief valves, to — 0.657 radians 

heat the circuit, to waste horsepower. Simplicity, | 

efficiency, a lower first cost are yours when all | = 38 degrees 

elements of the circuit are productive —and all Ww 250 X 30 

the oil is on the job. RACINE Variable Volume =e 11,400 Ib-in. 
Pumps, Valves and other hydraulic units can add 

much to your hydraulic equipment. Write for The bending moment diagram is then drawn as 
catalog P-10-D. It’s new and complete. shown in Fig. 10, from which it may be seen that the 


maximum bending moment of 4400 lb-in. occurs at 
the center of the beam. The maximum resultant 
| stress due to direct compression and bending is then 
| 1200/1x1 + (4400x12x0.5) = 1200. + 26,400 = 





27,600 psi. 4 
REFERENCES 
1.H. B. Howard—‘‘Aeronautical Research Committee Report and 
HYDRAULIC BOOSTER Memoranda No. 1233’’. 


2. H. B. Howard—The Stresses in Aeroplane Structures, Sir Isaac Pit- 
man & Sons Ltd., London, England, 1933. 

3. H. D. Conway—Aircraft Strength of Materials, Chapman & Hall 
Ltd., London, England, 1947. 










They Say... 


“Lack of product design, of machine tools, and of 
materials are definite handicaps to the producibility 
of jet engines. A manufacturer cannot produce these 
powerplants unless he has buildings, design, machin- 
ery, materials, money, people, and tools, and the 
lack of any of them would delay production. Once 
annually the military should address to each manu- 
facturer a simple question seeking to ascertain what 
would prevent his company from delivering a specified 
type of engine in specified quantity within 18 months. 
Manufacturers would report the bottlenecks they can 
see no way to circumvent, and manufacturers and 
Y AND PRECISION the military then would join in developing a pro- 
gram which would make the required production 
possible’ —E. B NEWILL, Allison Division, GMC. 


PUMP AND RESERVOIR UNITS HYDRAULIC 


4-WAY VALVES 


Write for the new, 3-color 
hydraulic catalog P-10-D 
—for the full story on 
RACINE Variable Vol- 
ume Pumps, Valves, 
Boosters and Package 
Units. Address Racine 
Toa-l & Machine Co., 
1773 State Street, Racine, 
Wisconsin. 
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@ 30 Years of satisfactory performance on direct-connected generators, 
pumps, compressors, winches, speed reducers and other similar equip- 
ment have proved the economy of protecting good machinery with 
f Ajax Flexible Couplings. 
" They protect bearings, gears, armatures, impellers and other costly 
working parts against unavoidable angular and offset misalignment. 
Ajax Flexible Rubber Bushings provide a quiet, cushioned drive in 
both directions of rotation. 
Ajax oilless bronze bearings are self-lubricated for life. 


SET SCREW 


> No problems are set up by centrifugal force. They operate success- 
. fully in abrasive-laden air. They operate vertically or horizontally. 
; Free end float lets electrical machinery find its magnetic center with- 


GRAPHITED BRONZE 
BEARING 


out interference. 

Standard Ajax Couplings are made of forged steel or cast semi-steel. 
Aluminum, bronze and other metals available for special applications. 
Made in a wide range of sizes and capacities...write for catalog. 


AJAX FLEXIBLE COUPLING CO. INC. 
: WESTFIELD, NEW YORK 


qu ORVE STUD 


FLEXIBLE RUBBER 
BUSHING 


ere nanies 
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BETTER, FASTER SERVICE 
WITH THIS 
COMPLETE MAC-IT LINE! 


Because many standard types of Mac-its are 
stocked throughout the country for quick 
delivery, and because specials can be engi- 
neered to your own specifications, you'll find 
it pays to investigate Mac-its first. 

Mac-it’s 35 years’ experience in the manu- 
facture of heat-treated, alloy steel screws is 
your assurance of precision, uniformity and 
strength. Sold through leading industrial dis- 
tributors from coast to coast and in Canada. 
Write for new catalog today! 


Other Mac-it products include: 


Socket Screw Keys 
Square Head Set Screws 
Hexagon Head Cap Screws 
«+. and many others 


Hollow Lock Screws 
Hollow Set Screws 
Stripper Bolts 
Hollow Pipe Plugs 








Design Abstracts 


(Continued from Page 154) 


operation if any degree of snug fit is to be expected. 
Also, the minimum hole diameter varies with the tem- 
perature range of the alloy being cast. Low-tempera- 
ture, nonferrous alloys can contain holes as small as 
0.010 inch. The minimum for high-melting metals is 
usually 0.015 inch. In all cases the depth of hole 
should not exceed 5 times the diameter for holes under 
0.125 inch. From 0.125 to 0.250 inch the depth may 
be as much as 10 times the diameter, under special 
conditions where reinforced insert cores may be em- 
ployed. Where the holes can be used as-cast or with 
a reaming cut, they are an economy in production, 
particularly with numerous small-diameter holes that 
would otherwise necessitate involved jigging and 
drilling operations. 

Minimum wall thicknesses are also governed by 
the temperature of the metal being cast, as well as 
other design factors. For limited areas in low- 
temperature alloys, walls can be held to 0.025 inch 
within a few thousandths. In high-temperature met- 
als, walls less than 0.040 inch are usually imprac- 
tical for any other than very short distances. This 
is also true of projections from the casting body. But 
where a uniform taper is part of the casting design, 
as in turbine blades, edges as thin as 0.010 inch with 
final radii as slight as 0.005 inch may be produced 
reliably in all metals. 


Flat Surfaces Obtained by Grinding 


The flatness of a cast surface varies inversely with 
its section thickness, because of the cavitation at the 
center caused by metal shrinkage. Although this can 
be overcome by heavy gates and risers to each such 
section, the added foundry costs involved in the at- 
tachment, removal, and remelting of such attach- 
ments are considerable. It is usually cheaper to 
grind off enough metal to obtain a flat surface, 
wherever this is essential to the operation of the 
casting. 

The investment-casting process is unique in be- 
ing able to produce commercially valuable shapes 
from any metal which can be liquefied commercially 
and cast. In the broad sense, the design engineer is 
freed from the necessity of compromising his per- 
formance and optimum shape for reasons of inability 
to secure the proper type of metal from the invest- 
ment mold. However, this freedom of alloy choice 
should be tempered by considerations of the actual 
performance characteristics of the cast form of 
various families of alloys. Particularly, foundry 
characteristics as they affect ease of production and 
uniformity of the end product should be considered. 
In many cases the cheapest metal, which may be quite 
adequate to perform the intended job, may not pro- 
duce the cheapest casting, due to its response to the 
techniques of melting and casting practices by the 
investment foundry. Inasmuch as the raw metal used 

for an investment casting may represent less than 1 
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HEN you are faced with the problem 

of providing the largest possible shaft 
diameter for a given bearing or the smallest 
possible housing, reach for a Hyatt catalog. 


If design requirements are such that a 

larger shaft diameter is desirable to 
produce greater rigidity without disturbing 
boundary dimensions, a separable inner race 
type Hyatt Hy-Load bearing can be used with 
the inner race omitted. The rollers then 
operate directly on a suitably hardened and 
ground shaft. 


2 When the housing bore must be kept to 
a minimum, a separable outer race bear- 


ing can be used with the outer race omitted. 
The rollers then operate directly in a housing 
bore of suitable hardness and finish. 


If the design requires that the bearing 
be installed as a unit Hyatt also provides 
non-separable types of Hy-Load bearings. 


All three types of Hyatt Hy-Load Bearings 
are available in a wide variety of cage, race 
flange and snap ring arrangements and in a 
wide range of sizes. For a complete explan- 
ation, write for our catalog No. 547. Hyatt 
Bearings Division, General Motors Corpo- 


ration, Harrison, New Jersey. 
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How to keep 
Line “FEATHERS” 


out of your hair ! 





It was a clean, sharp line till it had to be erased. But 
when it was re-inked, brother how it feathered and 
“blobbed”! 

Feathering lines are one of the things you don’t 
have to worry about with Arkwright Tracing Cloth. 
Even erased surfaces will take a neat, sharp line. 
What's more, you'll never find pinholes, thick threads 
or other imperfections in Arkwright cloth. You'll 
never have to fear that your drawings will discolor, 
go brittle or become opaque with age. A drawing 
on Arkwright Trac- 
ing Cloth will yield 
clean, clear blue- 
prints years after 
you make it. 

Aren't your 
drawings worth 
this extra pro- 
tection? Ark- 
wright Finish- 
ing Co., 
Providence, 
R. I. 
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per cent of the final value of the finished casting, 
whereas the foundry processing may represent more 
than 80 per cent of the final price, it is economic to 
consider base metals of higher initial cost when their 
castability is better than the lower-cost material. The 
inverse of this may also be true, where a less costly 
alloy may perform quite adequately for a specified 
job. The specifications should stress performance re- 
quirements rather than precise chemical composition 
of the casting. 

Attainment of maximum economy in procurement 
and utilization of investment castings will be aided 
by the specification of performance rather than chem- 
ical standards. While it is true that almost any alloy 
can be investment-cast, the arbitrary specification 
of alloys which differ not at all in application and 
only slightly in basic chemistry from those which are 
in large-scale production will make the castings more 
costly because of the more complicated foundry con- 
trol. 

In the lower-temperature casting alloys a part of 
simple design within the tolerances common to both 
pressure die casting and investment casting can gen- 
erally be most economically produced by die casting 
when quantities exceed 25,000 to 50,000 units. But 
where the design necessitates complicated cores, it 
is far simpler to build and operate investment-pattern 
dies operating at room temperature than pressure dies 
operating at 800-1000 F. Complex parts of involved 
internal structure, almost independent of quantity, 
can usually be most economically cast in investment 
molds when within the proper range of size and metal 
volume. 

There is no other process which combines so well 
the factors of dimensional control, reproducibility of 
design detail, and reliability of structure in small, 
complex metal objects. In the field of unmachinable 
alloys, the investment process alone is capable of pro- 
ducing detailed parts to any reasonable degree of 
dimensional accuracy. 


Process Aids Product Development 


As an aid in experimental design and development 
work, the investment process provides a unique meth- 
od to make rapid changes in alloy, shape, and proc- 
essing. By use of temporary dies at low cost, enough 
parts can be produced for the development stage. The 
tested design can then justify high investment in 
final production tools, whether for forging or die 
casting. The product itself is also insured against un- 
expected design flaws, because the investment cast- 
ings closely duplicate the physical properties which 
will be expected of the production parts. 

At one and the same time the “lost-wax” casting 
process is the newest and one of the oldest methods 
of precision liquid-metal forming; no one can yet 
estimate the ultimate utility which will result from 
it. It is an effective tool in overcoming design dif- 
ficulties when handled intelligently by informed en- 
gineers. 

From a paper entitled “The Fields of Utility of In- 
vestment Castings,’ presented at the ASME Annual 
Meeting in, New York, November 26-December 1, 1950. 
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of the POSSIBLE 





HIGHER 
MACHINE 
ACCURACY 


Present Steel Design has rigid box- 


type base.. 
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THE LINCOLN ELECTRIC COMPANY 





. Write Dept 
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CLEVELAND 1, OHIO 


Machine Design Sheets free on request to des 
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assure unexcelled 
performance from 





1) PERMANENTLY SEALED! 


Felt-lined steel flinger 
rotating in labyrinth 
prevents entry of dirt 
and retains proper 
amount of lubricant. 






















—=@ SELF-ALIGNING! 


Bearing unit, with seals 
independent of housing, 
can align itself in any 
direction without seal 
distortion. 


& PRE-LUBRICATED! 


Bearing chamber is filled 
with proper amount of 
lubricant before ship- 
ment from Seal- 
Master factory. 


SEALMASTER Ball 
Bearing Units are de- 
signed and constructed to give maximum 
service at lowest cost. An exclusive combi- 
nation of design features assure smooth- 
running, dependable operation. Machine 
designers specify SEALMASTERS to insure 
customer satisfaction and product integrity. 
Write for a copy of Catalog 845 for your 
files... it gives the complete SEALMASTER 
story. 


4) NO HOUSING WEAR! 


Patented locking pin 
and dimple prevent ro- 
tation of outer race in 
housing. This eliminates 
housing wear. . . per- 
mits shaft alignment and 
positions unit for re-lu- 
brication. 


Request Catalog 845... It 
gives dimensions and load 
ratings for pillow blocks, 
flange units, take-up units, 
cartridge units and flange- 
cartridge units. 


etanine——orvision 


sTEPHENS-ADAMSON 
tu All Principal Cities 


LOS ANGELES, CALIF. * BELLEVILLE, ONT 





—, 


OF MANUFACTURERS 


Air Reduction Co. Inc. has started 
construction of a 272,000-sq ft plant 
on a 25-acre plot at Union, N. J. The 
new plent will be used by the Airco 
Equipment Mfg. Div. of Air Reduc- 
tion for the manufacture of welding 
and cutting torches, tips, regulators, 
oxyacetylene cutting machines, inert- 
gas arc-welding machines, etc. It is 
expected that the new plant will be 
occupied in early spring. 

a 


Aluminum Co. of America is 
launching two major programs to 
boost America’s production of defense 
aluminum by more than 25 per cent 
annually. The first, a “quick-action” 
plan, is underway and shortly will re- 
sult in the production of added sup- 
plies of aluminum at the rate of 158,- 
000,000 pounds per year. This ca- 
pacity will be reached by using com- 
pany-owned stand-by facilities which 
require the use of higher-cost elec- 
tric power than is economical for 
peacetime smelting. The second 
phase is an expansion that involves 
the erection of mew permanent fa- 
cilities capable of producing 240,000,- 
000 pounds per year. Smelting fa- 
cilities at ALCOA’s Point Comfort, 
Tex., plant will be enlarged and a 
new plant utilizing electric power 
generated from gas or coal fuels 
will be constructed. 


° 


Brush Development Co., Cleveland, 
O., manufacturer of surface measur- 
ing equipment, has expanded its line 
by purchasing the business of the 
Faxfilm Co., also of Cleveland. Fax- 
film will now be located at the Brush 
plant. 

+ 


Borg-Warner Corp., Chicago, IIL, 
has separated its Ingersoll Steel Divi- 
sion into two distinct and independ- 
ently operated manufacturing units. 
One unit, which will continue to be 
known as the Ingersoll Steel Divi- 
sion, will operate steel mills at New 
Castle, Ind., and will produce spe- 
cialty alloy steels for automotive use 
and for farm implement disks, saws 
and shovels, soft-center plow steels, 
high-speed hack saw steels, and sol- 
id and clad stainless sheets. The 
other division, with plants in Chicago 
and Kalamazoo, will be known as the 
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If you use machined parts in your products and 
the present supply situation is giving you a head- 
ache . . . it’s time you switched to Gramix, the 


powdered metal parts that can be produced in 
quantity for reasonably prompt delivery. Gramix 
iron parts of intricate shape can be die-pressed to 
tolerances within .0005”, and cut costly machin- 
ing time. Gramix parts are oil-impregnated for 


self-lubrication thus eliminating the added ex- 


pense of extra oil supply and servicing. ‘Gramix 
parts are tough, strong, and dependable under 
all operating conditions. Gramix can help you 
improve the mechanical performance of your 
products, cut manufacturing costs, and eliminate 
production snarls due to uncertain parts supply. 
Go to Gramix . . . the leader in the powdered 
metal field. Write to us here in Saginaw today 


for the full facts. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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simplified 
installation 


A NS 


<7 


50° 


Position or space limitations, 
imposed on a speed reducer by 
the design of your equipment, 
need present no problem .. . 
need not involve a specially 
engineered unit. 

There’s a compact, fully stan- 
dardized Winsmith reducer (from 
fractional to 85 H.P.) for prac- 
tically any condition, no matter 
how individual. Simplifying your 
design and installation are ex- 
tensive Winusmith provisions for 
horizontal, vertical or flange 
mounting; diversified shaft posi- 
tions and alternate directions of 
rotation. 

Such adaptability not only sim- 
plifies design problems for the 
primary equipment maker, but 
for the user as well. Often, a 
deficient “special” reducer can 
be replaced with a fully stan- 
dard Winsmith model. 


FREE Informative folder “Save through 
Standardization”. Write. 


{ngersoll Products Division. Prod- 
ucts produced by this division include 
truck wheel disks, washing machine 
tubs, steel sinks, heat-deflecting 
screen, etc. at the Chicago plant and 
automobile stampings and forgings, 
agricultural implement parts, fur- 
naces, etc. at the Kalamazoo plant. 
¢ 


Bendix Aviation Corp. has pur- 
chased the property and facilities of 
the Victor Animatograph Corp., Dav- 
enport, Iowa, to handle increased pro- 
duction of aircraft instruments and 
accessories for the expanding mili- 
tary program. The plant, built in 
1947 and containing 154,000 sq ft of 
manufacturing space, will become a 
new division of Bendix. Victor, a 
subsidiary of Curtiss-Wright Corp., 
used the plant for the manufacture 
of motion picture projectors and re- 
placement parts; these will continue 
to be available from Victor. 


° 


Jas. P. Marsh Corp., which recent- 
ly occupied its new plant in Skokie, 
Ill., is now expanding that plant to 
increase production of Marsh pres- 
sure gages, dial thermometers, radi- 
ator “valves, steam traps, and other 
heating specialties. Need for the ad- 
dition, which measures svout 225 by 
75 ft, was further emphasized by 
Marsh’s recent acquisition and de- 
velopment of the Electrimatic line 
of refrigeration controls and solenoid 
valves as companions to Marsh’s 
gages and testing equipment for the 
refrigeration field. 


° 


Tri-Engineering Corp. is to be sup- 
plied with capital for expansion by 
Marshall Morrison, prominent Bever- 
ly Hills designer and builder who has 
amalgamated with the corporation. 
Existing buildings will be enlarged 
and additional equipment will be pur- 
chased to provide for increased pro- 
duction of precision aircraft hydrau- 
lic assemblies for the Army and 
Navy. 

. 

B. F. Goodrich Chemical Co., Cleve- 
land, O., has reactivated the govern- 
ment’s synthetic rubber plant at In- 
stitute, W. Va., to the “check, clean 
and recondition” stage. In stand-by 
status since 1947, the Institute GR-S 
plant is undergoing a complete re- 
vitalizing and modernizing so that 
various process improvements made 
in the production of GR-S rubber 
during the last three years can be 
incorporated. Blaw-Knox Construc- 
tion Co. crews are getting the 90,- 
000-ton-per-year plant in running or- 
der. B. F. Goodrich has operated a 
GR-S plant at Port Neches, Tex., for 
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REINFORCED LAMINATE 
For Gears and Mechanical Parts 


UNIFORM STRENGTH 
IN ALL’ DIRECTIONS 








Plus... Smooth Mechanical Finish. . . Good Electrical Properties 


Its reinforcement is different! ... that’s 
why this new material provides such a 
unique combination of properties. 

Instead of woven fabric, new INSU- 
ROK T-815 is reinforced with unwoven 
cotton fibres, random-laid in the form of 
a mat. Thus, it exhibits high uniform 
strength—in the main direction, cross 
direction, and all intermediate angles! 
This property is valuable in gears and 


other mechanical components, where 
teeth or other sections must have equal 
strength. 


But Grade T-815 has more than uni- 
form strength. Its. electrical properties 
are good, and it machines well to smooth, 
clean surfaces, with finish and texture 
superior to any cotton fabric-base lami- 
nate made. Furthermore, T-815 can be 
punched—hot or cold, depending upon 


*All directions in the plane of the sheet 


The RICHARDSON COMPANY 


FOUNDED 1858—LOCKLAND, OHIO 
2795 Lake St., Melrose Park, Illinois (Chicago District) 
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SALES OFFICES: CLEVELAND e¢ 


NEW BRUNSWICK, (N. J.) @ 
PHILADELPHIA « 


the thickness—making it valuable for thin 
electrical parts requiring high strength. 

Investigate new INSUROK T-815 for 
your product, today. 





DETROIT 
INDIANAPOLIS ¢ LOCKLAND, OHIO ¢ MILWAUKEE 


NEW YORK 
ROCHESTER ¢ ST: LOUIS 














Here’s why those in the know 












—demand Hat te). 
PLUGS 


Interchangeable pin and 
socket inserts... fit all Cannon 


Ribbed for excellent grip. shells of same diameter. 


Boss prevents movement. 


With special anodized or 
lacquered finishes, threads 
are masked to maintain 
shielding or bonding. 










No section of plug exceeds 
end bell diameter. 

















Contacts, precision-machined 
from solid bar stock, electro- 


plated with silver or gold. 


90° end bell can be set 
at 60° interval. 


Type AN Connectors are made in 6 styles; straight and 
90° cord plugs; box, wall, and extension cord receptacles; 
and special quick disconnect plugs. Fifteen diameters 
for inserts with contact arrangements from single to 100 
contacts. Contact capacities from 5 to 200 amps. Peak 
voltages from 70 to 9,000 volts. 





no assembly tools needed 





Cannon end bells are interchangeable 
split-shell no slack in lines 
design | test without disengaging plug 


easy inspection and circuit 
changes 





il adt antages 


See that your circuit requirements are met. See that all control, com- 
munication and power circuits have firm positive contact, low dielec- 
tric loss...and see that each circuit is protected by the design 
advantages found only in Cannon Plugs. AN Connector Series is just 
one of the many Cannon types— world’s most complete line. Request 
bulletins by required type or describe the connector service you need. 


CANNON ELECTRIC 


Since 1915 
LOS ANGELES 31, CALIFORNIA 
REPRESENTATIVES IN PRINCIPAL CITIES 







the government since 1943. That 
plant has a capacity of 60,000 long 
tons per year. 

+ 


Radio Receptor Co. Inc., Brooklyn, 
N. Y., manufacturer of radio and 
electronic components and complete 
assemblies, has purchased a 90,000- 
sq ft factory structure with railroad 
siding and inside truck-loading plat- 
forms at Wythe Ave. and North 
Third St., Brooklyn. The four-story 
concrete building will provide addi- 
tional space for the company’s ex- 
panding divisions. 


+ 


Westinghouse Electric Corp. has 
opened negotiations for a 65 to 100- 
acre tract of land near the Friend- 
ship Airport, Baltimore, Md., for a 
new plant to meet expanding mili- 
tary demand for products from the 
company’s Electronics and X-Ray 
Division. The proposed plant will 
have a manufacturing area of about 
400,000 sq ft. 

- 


Eutectic Welding Alloys Corp., 
N. Y., has begun construction of a 
new Engineering Services Building 
at the site of its No. 2 plant in Flush- 
ing, Long Island, N. Y. Scheduled 
for completion early in 1951, the 
building will furnish additional space 
for Eutectic’s long-range welding de- 
velopment research program, as well 
as house engineering, technical and 
administrative personnel. The build- 
ing will also include conference 
rooms for the convenience of cus- 
tomer representatives. 


¢ 


Hobart Brothers Co. has _ started 
operation of new facilities at Troy- 
O., to test its products under sub- 
zero conditions. In a special room, 
with an intermediate chamber to re- 
duce cold losses resulting from en- 
tering or leaving the cold chamber, 
Hobart products are tested at tem- 
peratures down to 65 degrees below 
zero. 

+ 


Barry Corp., Cambridge, Mass., is 
expanding its shock-mount and vi- 
bration isolator production facilities. 
The new plant, now under construc- 
tion in Watertown, Mass., will more 
than double Barry’s present floor 
space. 

+ 


Standard Coil Products Inc., manu- 
facturer of small coils and other de- 
vices for electronic equipment, has 
arranged to acquire the Kollsman 
Division, New York city, of the 
Square D Co. Aircraft instruments 
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} H® are Air Cylinders so different in design that they have become known as the WRITE FOR FREE BOOKLET 


Bellows Air Motors. They are not rotary motors but double-acting, reciprocating, 
cylinder-type power units. Four-way directional valves and separate speed control 
valves for advance and retract strokes are built-in. Only one air connection is needed, Complete description of Bellows 


which can be flexible hose. Air Motors, technical data, dimen- 


Mechanically operated models are equipped with an operating lev shich k: sional tables, case histories, etc. 
iy gens PP oe ee eer Deane Ask for bulletin BM-20. Address: 


f. , i s 3 ‘ 
rom any angle in any plane It may be operated by hand or foot, or may be linked The Bellows Co., Dept. MD-151, 
mechanically with any moving element. 222 W. Market St., Akron 9, Ohio 


Electrically operated models are designed for electrically interlocked equipment. 


” 


Bellows Air Motors are available in bores of 144”, 214”, 35%” and 414”, and in 
any stroke length. They can be mounted in any position. 


ae ’ 
it 


® HYDRAULIC CHECKING OF AIR POWER 


The Bellows Hydro-Check removes the natural “bounce” and 
“springiness” from air—gives the smoothness of hydraulic 
operation to air-powered equipment — but keeps the speed, flexi- 
bility and economy of air-operation. The Hydro-Check is available 
for use with all Bellows “Controlled-Air-Power” Devices or may 
be installed to regulate and control the piston movement of 
standard Air Cylinders. 


The Bellows Co. 


AKRON, OHIO 


VISIT BOOTH 802 ASTE SHOW AND SEE HOW THESE DIFFERENT AIR CYLINDERS 
CAN HELP YOU LOWER PRODUCTION COSTS AND IMPROVE MACHINE PERFORMANCE 
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and other mechanical and electronic 


devices manufactured by Kollsman 
rs fit well into the production facilities 
of Standard Coil. A wholly owned 
is subsidiary of Standard Coil will take 


over the Kollsman business without 


’ change of personnel. 
Specially designed materials han- 


dling equipment will be a feature of 
€ the new p.ant at Pratt Oval, Glen 
ce Cove, N. Y., to which Steiner Plastic 

N | 
apricattO” ia _f__ Sterling Electric Motors Inc. has 
| | acquired an 11-acre site in Van Wert, 



































tained at Long Island City, N. Y., 
until the end of 1951. 
. 











Mfg. Co. is moving. The move will 
triple the company’s manufacturing 
space to 75,000 sq.ft. Steiner spec- 
ializes in the forming and fabrication 
of thermoplastic sheets, rods and 

O., for the construction of a branch 

© plant to serve the company’s mid- 

‘ rae ae 3 western and eastern business. Plans 

Only with CHIKSAN Ball-Bearing Swivel “ and specifications for the new build- 
Joints* can you benefit from a quarter-century ng See CEES one RE Pees 





tubes. Present offices will be main- 
and it is estimated that the invest- 


of specialized experience in the development, ment will be close to one-half million 
* . * * d . 
design, manufacture and application of Swivel at: . 
’ ‘ ‘ 

Joints for all purposes. CHIKSAN Ss resources, ‘ Hudson Wire Co., Ossining, 5 ee 

facilities and personnel are concentrated eee a Sale ae 

: s a ning the construction of another 

exclusively on the production of Swivel — magnetic wire plant. The new plant 

will be located at Cassapolis, Mich., 

Joints and their application to all kinds of ont wih stations Gn geetuiinn 


installations. This is your assurance of efficient — facilities of Hudson plants at Ossin- 

ing, N. Y., Winsted and Norwalk, 

performance, long life and low-cost mainte- Conn. and Pownel, Vt. The com- 

nance. There is no substitute for CHIKSAN! pany manufactures bare and insu- 

“s lated wires for electrical and radio- 

Engin : electronic applications, as well as 

CHIKSAN cers will gladly cooperate wires and screens for mechanical and 
with you in selecting the correct Types amd chemical needs. 


° 





Styles of Swivel Joints for your particular 
y < J d ; y Porter-Cable Machine Co., Syra- 
requirements...and in specifyitig the proper cuse, N, Y., has purchased the John- 
Packin nit fi : . q son Engineering and Sales Corp., 
g Unit for the fluid you handle.This val Raidick 2 Shb pitta ot te 
uable, experienced counsel costs you nothing. move is to extend the Porter-Cable 
Fer fall 360° rousion ia 1, 2 end line of electric tools to include a wide 
3. S. Unlimined Gexibilicy in selection of portable woodworking 
GC arranging swivels in quaber machines. 
sequence. e 
WRITE FOR CATALOG NO. 50 Ward Leonard Electric Co., Mount 
° ° er ° Vernon, N. Y., has established an In- 
Representatives m Principal Cities dustrial Chrome Division. This new 
Sold by Leading Supply Stores Everywhere division is engaged in the develop- 
ment and manufacture of chrome 
plating units and solutions for in- 
dustrial hard chrome plating of ma- 
chine tool accessories. Exclusive 
license for the manufacture and sale 
of the chrome plating solution and 
unit used in the process was obtained 
from the Chromecraft Corp., Chicago, 
BALL-BEARING SWIVEL JOINTS FOR ALL PURPOSES il. 
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Here’s What 
Service Managers, 
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SPEN 
MANUAL Div <p HERMOSTAT 
RESET 000 Fo als Corp. 
TILER 
AUTOMATIC 
RESET 


Appliance service managers, electric motor 5 
repairmen, heating and air conditioning deal- 
ers all over the country find that motor burn- 
outs in electrical appliances of all types are 
practically eliminated when these motors 
are equipped with Klixon Protectors. 

You, too, can provide your dealers and 
consumers with motor burnout protec- 
tion by requesting and specifying that 


your motor manufacturer supplies you wy; 

with motors that have Klixon Protectors pThe faci Five ee tseey © dan 
built in. The additional cost is excep- ube mertecation gti? Kiiee Yor 
tionally low while the benefits are high. Petione Prope has -— soittiton Sem, to 
Just take a look at what the service h iestion’ tre 


managers have to say and you'll read- 
ily see for yourself why it pays to use 
motors with Klixon Protectors. 








These advertisements appear in Business Week, 
Electrical Merchandising, Electrical Dealer, 
Air Conditioning & Refrigeration News, 
Domestic Engineering. 






SPENCER THERMOSTAT 
Division of Metals & Controls Corp. 
2501 FOREST ST., ATTLEBORO, MASS. 
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Reaches vital parts ordinary 
methods can't lubricate. 





Manufacturers using Manzel Lubricators report 
that they save tkeir initial cost many times 
over in reduced labor cost, lower oil consump- 
tion, and fewer breakdowns. “Manzels” are 
standard equipment on many makes of engines, 
pumps, compressors, hydraulic presses, convey- 
ors, and other machinery. Or... you can install 
them on present equipment. 

Manzel representatives will gladly supply 
technical assistance on lubrication problems. 


: FRONTIER INDUSTRIES INC. 
276 BABCOCK ST. 


« « > 
rau ; 
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AUTOMATIC FORCE FEED LUBRICATION 
Gives each wearing 
point a full-time 





Meters the precise 
amount of oil needed. 





Frees manpower for more 
productive jobs. 





Division 
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BUFFALO, N.Y. 
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The Society of Automotive Engi- 
neers (Detroit Section) has an- 
nounced a new award for the encour- 
agement of younger engineers. The 
award is called the Henry Ford Me- 
morial Award in honor of the late au- 
tomobile manufacturer. It was estab- 
lished by the Detroit Section, any 
SAE member under 33,years of age 
being eligible to compete. Competi- 
tion is through original papers which 
are presented to or are suitable for 
presentation to an SAE meeting. Con- 
tent of competing papers is limited 
to subjects related to automotive 
ground vehicles and must describe the 
work or investigation with which the 
author has been directly associated. 
The award consists of a suitable cer- 
tificate of merit and a cash prize of 
$200. 


American Society of Mechanical 
Engineers presented the following 
awards during its 1950 Annual Meet- 
ing, Statler Hotel, New York, N. Y. 

ASME Medal to Harvey C. Knowles, 
vice president of the Proctor and 
Gamble Defense Corp., for his con- 
tributions to the application of time 
and cost reducing continuous produc- 
tion processes to the loading of ex- 
plosive ammunition. 

Holley Medal to Charles G. Cur- 
tis, president of the International 
Curtis Marine Turbine Co., for his in- 
ventions of great public penefit. Mr. 
Curtis is famous for his steam tur- 
bine and the first gas turbine power 
plant in: America. 

Worcester Reed Warner Medal to 
Orlan W. Boston, professor and chair- 
man of the Department of Metal 
Processing, University of Michigan, 
for his contributions to the art of 
cutting metals which improved 
American productive capacity. 

Richards Memorial Award to Bur- 
gess H. Jennings, professor and 
chairman of the Department of Me- 
chanical Engineering, Northwestern 
University, for his contributions to 
the practice and literature of refrig- 
eration and air conditioning. 

Melville Prize Medal to Samuel J. 
Loring, consulting engineer, Hamil- 
ton Standard Propeller Division 
United Aircraft Corp., for the best 
original paper on any mechanical en- 
gineering subject presented to the 
society during the previous year. Mr. 
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BRING ouT BUILT-IN PERFORMANCE QF-MOTORS AND MACHINERY 


Applied to the B. M. Root Com- 
pany combination multiple saw- 
ing and wood boring machine 
Style CXH, Arrow-Hart Type 
“RA” Magnetic Starters, in con- 
junction with the A-H Push-Pull- 


Selector and Type N Disconnect 
Switches, afford simplified and 
dependable control in a minimum 
of operating space. The same 
combination of A-H Type “RA” 
starters with the A-H Disconnect 
Switch permits a small, unusually 
compact panel layout, 











, (ww \ MAGNETIC 
NEWTYPERA (AH STARTERS 


HART 


JUST “2THE SPACE 


PLUS FULL PROTECTION 


HIGH ARC RESISTANCE 


Arrow-Hart “RA” Magnetic Starters and Contactors feature a new ther- 


mosetting molding compound in the base and hood. This alkyd, with an 


extremely high resistance to tracking, exceeds the arc resistance of the 


next best material by more than 50%. It does not support combustion. 
The tongue and groove design pictured at right provides individual arcing 
chambers around each contact. This full protection is only one of the many 
features that add up to outstanding performance in Arrow-Hart “RA” 


Magnetic Starters. For more of the story, see next page. 


AVAILABLE IN A FULL LINE -- Sizes 0, 1, 2, 3, and 4. 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY, HARTFORD, CONN., U. S. A. 
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TYPE “RA” MAGNETIC STARTERS 


MAXIMUM 
SAFETY 


All A-H Magnetic Starters and Con- 
tactors are designed for maximum 
safety. The view at right shows how 
special protection is provided for 
the Size 4 (50 to 100 H.P.). This 
unit is designed so that the arc fol- 
lows a controlled path, across and 
between the quenching and baffle plates. High heat-proof chutes 
enclose each contact. Contacts are shaped to produce a magnetic 
“blow-out” field within the arc fence. This field forces the arc in 
the correct direction for extinction. 


MORE FEATURES--IN '/2 THE SPACE 


In A-H starters and contactors an exclusive new “RA” balanced 
mechanism multiplies leverage and increases contact pressure. It 
is this same mechanism that accounts for the revolutionary small 
size of Arrow-Hart starters. Other features are: guided parallel 
closures to insure contact alignment; new, bigger contacts; im- 
proved magnet and coil; plenty of wiring room; and many others. 
Most important of all — designers save valuable control space, 
reduce control equipment cavities, and cut material costs. 


A STARTER FOR 
EVERY REQUIREMENT 


Arrow-Hart Type “RA” Magnetic Starters 
and Contactors are available in a full line — 
Sizes 0, 1, 2, 3, and 4. For full particulars, 
write for Form G-7005. 








Mow PUSH - PULL 
SELECTOR SWITCH 


The new Arrow-Hart PPS Switch provides a single point of control for 
multiple-operation machines — eliminates gangs of push buttons, saves 
time, money, and space. Target sheets available to aid in plotting 
your requirements, 


WRITE TODAY FOR LITERATURE AND SPECIFI 


ARROW-HART 
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Loring’s paper is “A Theory of the 
Mechanicel Properties of Hot Plas- 
tics.” 

Pi Tau Sigma Gold Medal to Ar- 
thur P. Adamson who is in charge 
of a group in the Navigation Control 
Section, Systems Development Divi- 
sion, General Electric Co. This group 
is concerned with the development of 
steering systems for guided missiles. 


° 


American Society of Refrigerating 
Engineers installed a new president 
during its Forty-Sixth Annual Meet- 
ing in New York City. Paul B. 
Christensen,* vice president and chief 
engineer of Markets Refrigerating 
Co., will guide the society’s activities 
for 1951. Other officers elected are: 
Vice presidents — Edward Simons, 
San Francisco, and Richard C. Jor- 
dan, Minneapolis; treasurer—Donald 
K. Trescler, Chicago; Members of 
Council—C. M. Ashley, Syracuse, 
Leon Buehler Jr., Chicago, Oliver C. 
Eckel, Boston, Milton Kalischer, 
Springfield, Mass., D. C. McCoy, Day- 
ton, and J. R. Hornaday, Muskegon, 
Mich. Election was by letter ballot 
of the 5600 members. 


+ 


American Standards Association 
has elected H. S. Sizer to its board 
of directors. Mr. Sizer, assistant to 
the director of design, Brown & 
Sharpe Co., will serve a three-year 
term commencing January 1, 1951. 


e 


Society of Naval Architects and 
Marine Engineers at its Annual Meet- 
ing elected J. H. King president of 
the society for a two-year term com- 
mencing January 1, 1951. Mr. King 
is vice president of the Babcock & 
Wilcox Tube Co. 


¢ 


Lawrence B. Richardson, rear ad- 
miral, USN (ret) has been elected 
president, Institute of Aeronautical 
Sciences. Serving as vice presidents 
are: Raymond D. Kelly, superintend- 
ent of technical development, United 
Air Lines Inc.; William C. Rocke- 
feller, assistant to the chairman of 
the board, Consolidated Vultee Air- 
craft Corp.; William T. Schwendler, 
executive vice president and director, 
Grumman Aircraft Engineering 
Corp.; and Edward C. Wells, vice 
president of engineering, Boeing Air- 
plane Co. The 1951 treasurer is E. 
E. Aldrin, aviation manager, Atlas 
Supply Co. Installation of officers 
will take place at the Honors Night 
Dinner held during the Nineteenth 
Annual Meeting of the IAS at the 
Hotel Astor, New York, January 29 
to February 1, 1951. 
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Compressors must give dependable service under gruelling conditions 
of rough terrain, mud, and constant exposure tothe shock and vibration 
of drilling. Unless protected from shock and vibration, even the most 
rugged equipment is subject to excessive down-time and maintenance. 

Ingersoll-Rand Company solves this problem in its rugged mobile 
“Quarrymaster.” Each of the 10,000-pound compressor power plants 
is protected by four LORD Bonded-Rubber Mountings which pre- 
vent shock and vibration from interfering with efficient performance. 
They also prevent excessive twisting stresses in the power plant 
when the “Quarrymaster” is moving over uneven ground. 

Whether your product is large or small, reduction of shock and 
vibration improves performance and accuracy ... lowers maintenance 
costs... increases customer satisfaction. Investigate LORD Vibration 
Control Mountings and Bonded-Rubber Parts. Write to attention of 
Product and Sales Engineering Department. 


LORD MANUFACTURING COMPANY, ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corporation, Ltd. 


Vibration-Control Mountings 
LORD ... Bonded-Rubber Parts 
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READING MARUPACTURERS STANDARDIZE ON THE BIJUR SYSTEM 


by controlling oil film at the bearings 





Oil film at the bearings keeps the 
metallic surfaces apart, reducing 
wear to a minimum. This oil film 
must be maintained constantly to be 
effective. 

Lubrication by hit and miss meth- 
ods can’t be depended upon to keep 
bearings running ioetile. Proper 


lubrication requires a system which 
force-feeds the correct amount of oil 
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civy 


to all bearings and carefully con- 
trols the oil flow at each individual 
bearing automatically. 

This is accomplished by Bijur, the 
system with positive 
Meter-Unit control of oil 

flow at the bearings. For ah 
further details write for t 
“The ABC of Modern TT 
Lubrication.” ' 


The correct 
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to each 


individual 
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SALES AND SERVICE 


ORMERLY assistant manager of 

V-belt sales, Wilbur E. Combs has 
been appointed product manager for 
the L. H. Gilmer division of United 
States Rubber Co. In his new posi- 
tion, Mr. Combs will be responsible 
for sales of V-belts, shock pads, flat 
transmission belts and other Gilmer 
products, making his headquarters at 
the Gilmer plant in Tacony, Phila- 
The company has also an- 
nounced the appointment of Joseph 
A. Conlon, former district sales mana- 
ger of its Chicago branch, az manager 
of allied sales for the mechanical 
goods division. Edwin D. Meade, for- 
mer manager of western railway 
sales, was appointed to replace Mr. 
Conlon in Chicago. 


° 


Don Smith, plant manager of the 
Peerless plant of Wellman Bronze & 
Aluminum Co., Cleveland, for the past 
six years, has been appointed general 
plant manager. His_ responsibilities 
now include managership of the Su- 
perior plant at 6017 Superior Ave., as 
well as the Peerless plant at 2525 


° 


Two sales promotions have been an- 
nounced by Raybestos-Manhattan 
Inc., Manhattan Rubber Division, 
Passaic, N. J. John T. M, Frey has 
been appointed assistant manager of 
the New York branch and Lamar S. 
Hilton has been named assistant 
sales manager of the abrasive wheel 
department. 

° 


The Hartford Special Machinery 
Co., Hartford, Conn., has announced 
the appointments of Robert A. Bode 
as sales manager and J. James Tasil- 
lo as assistant sales manager for its 
complete line of automatic drilling 
and tapping machines, die polishing 
machines and other products. 


+ 


Richard H. DeMott, who started 
as a salesman with SKF Industries 
Inc. thirty-five years ago, is now 
president of the company. He suc- 
ceeds William L. Batt, wartime pro- 
duction expert, who formally resigned 
to re-enter government service. Mr. 
DeMott, who has been vice president 
in charge of sales since 1943, played 
an important part in pioneering the 
use of antifriction bearings in the 
papermaking, textile, railroad, elec- 
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Our six plants produce sleeve 

bearings in all designs and sizes, 

cast bronze bushings, a 

split-type bushings, bi- metallic 

rolled bushings, washers, spacer Since 1899 
tubes, precision bronze parts 

and bronze bars. 
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How can a 
iInsoWwed at blebee tly? 


> 

Science will catch up with the bumblebe - 
~ someday — perhaps as we develop lighter and stronger 
materials, greater accuracy, and power sources yet un- 
known. To solve the impossible merely takes a little longer. 






Solved: 

A synthetic O-Ring 
plus leather back-up 
operates successfully 


at 3,000 PSI. 
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The principle of pressure sealing by means of a toroid 
has been recognized for many years. But today’s suc- 
cessful application of O-Rings was made possible by 
the co-operation of many people... industrial chemists, 
design engineers, metallurgists, production engineers 
and the men who make packings . .. working together 
to produce new compounds, better design and greater 
accuracy to meet exacting needs. 

Graton & Knight have played an important part in 
this development. Early in this century, Graton & 
Knight were masters of precision-engineered molded 
leather packings, and were ready with a wealth of skills 
and experience when they entered the field of synthetic 
rubber packings. 

In 1949 the Company consolidated its packings laboratory, engi- 
neering and manufacturing facilities in its affiliate company, Inter- 
national Packings Corporation. Here, backed by G&K resources and 
experience, synthetic packings made by G&2K-INTERNATIONAL 
are advancing their position in modern industry. 


G&K-INTERNATIONAL O-Rings meet all J.I.C. Standards. 
Design, application, manufacture and delivery to your high 
standards are our business. Lei's gci together. 


GRAKONE Synthetic O-Rings 


—— 
INTERNATIONAL PACKINGS CORPORATION 'Cire-WEe). 
Bristol, New Hampshire AND 


Je GRATON and KNIGHT COMPANY KNIGHT 
Worcester, Massachusetts 
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tric motor and other industries. SKF 
has also announced the appointment 
of E. A. Erickson as manager of its 
Hornell, N. Y., plant and the promo- 
tion of Harry R. Fillmore from gen- 
eral foreman to assistant plant man- 
ager. In addition, William F. Hagen, 
has been appointed assistant district 
manager of the company’s New York 
office. 
” 


Philip C. Neumann“and William C. 
Campbell Jr., both electrical engi- 
neers, have been named sales repre- 
sentatives in the Pittsburgh district 
office of Allis-Chalmers Mfg. Co. 


° 


Recently announced were the pro- 
motions of H, Logan Lawrence, Wil- 
liam H. Ayscue and Samuel W. Mc- 
Cune III, to the newly created posi- 
tions of sales supervisors in the Bos- 
ton, Chicago and New York district 
offices, respectively, of the Rubber 
Chemicals division of E. I. du Pont 
de Nemours and Co. Inc. 


¢ 


Wayne Belden has been elected ex- 
ecutive vice president; Charles Belden 
has been made vice president; and 
Robert G. Cady has been named sales 
manager of the Ajax Flexible Coupl- 
ing Co. Inc. 

. 


The appointment of Arthur W. 
Eichmann to its sales engineering 
staff has been announced by Lear Inc. 
Mr. Eichmann’s experience as head 
of the electrical test department for 
General Electric Co. and more re- 
cently as procurement engineer for 
the Glenn L. Martin Co. make him 
well qualified to render valuable cus- 
tomer assistance in the solution of 
electromechanical actuating and con- 
trol systems problems. 


° 


Price M. Davis Jr., 5807 North 
Crestwood Blvd., Milwaukee, Wis., has 
been appointed factory representa- 
tive by Hose Accessories Co, for 
Michigan, eastern North Dakota in- 
cluding Bismark, and eastern South 
Dakota including Pierre. Mr. Davis 
will also continue to cover Minnesota, 
Wisconsin, northern Illinois and north- 
ern Indiana. 

° 


The Lincoln Electric Co. recently 
announced several changes and ad- 
ditions in personnel. James William 
Brooks has assumed sales and engi- 
neering responsibilities in the Indian- 
apolis district, having been trans- 
ferred from the company’s Boston 
district. Thomas L. Dempsey has 
joined the staff of the Cleveland sales 
organization as a special field engi- 
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MINIATURE RELAYS 
FOR AVIATION’S TOUGHEST JOBS 


These little hermetically-sealed d-c re- 
lays are specifically designed for aviation con- 
ditions involving high shock and vibration, 
elevated temperatures and high altitudes. A 
completely new magnet structure permits 
greatly reduced size with improved depend- 
ability. Three available types are for operation 
up to +85°C., +160°C. and +200°C. respec- 
tively, thus matching specific aviation service 
requirements. Write for S-D Data Bulletin 2410. 


STRUTHERS-DUNN 


Multipole Types, Too! 


In addition to the single- 
pole units illustrated, 
Struthers-Dunn produces 
these hermetically- 
sealed aviation relays in 
types up to 6 poles and 
having the same exact- 
ing characteristics. 





“és 


STRUTHERS-DUNN, INC., 150 N. 13th ST., PHILADELPHIA 7, PA. 


BALTIMORE @ BOSTON e@ BUFFALO e CHARLOTTE @ CHICAGO e@ CINCINNATI 


CLEVELAND @ DALLAS e@ DETROIT @ KANSAS CITY @ LOS ANGELES 
MINNEAPOLIS @ MONTREAL @ NEW ORLEANS @ NEW YORK e@ PITTSBURGH 
ST. LOUIS @e SAN FRANCISCO e@ SEATTLE @ SYRACUSE © TORONTO 
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4 ” Here’s the 
Light way 


fo do it... 


This tough, Well-Cast 
magnesium portable tool 
part is typical of how 
light you can make your 
product. It weighs only 

a few ounces. 


Want to lose some weight? 


40 years’ experience 


ALUMINUM AND MAGNESIUM SAND, SEMI-PERMANENT AND PERMANENT 
MOLD CASTINGS. WELL-MADE WOOD AND METAL PATTERNS. 


THE WELLMAN BRONZE & ALUMINUM CO. 


2512 EAST 93rd STREET « CLEVELAND, OHIO 
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neer. In addition to duties as sales 
engineer, he will provide engineering 
service to manufacturers in the Cleve- 
land area who are redesigning ma- 
chinery for welded steel fabrication. ~ 
John F. Kotchian is now serving in- 
dustrial accounts for the company as 
a welding engineer in the Chicago dis- 
trict. 
° 


M. S. Klinedinst has been named 
manager of thé industrial equipment 
sales section of the Radio Corporation — 
of America engineering products de- 
partment, succeeding P. B. Reed, who 
was recently made vice president 
in charge of the government service 
division of the RCA Service Co. Mr, 
Klinedinst, a veteran of 17 years in 
the engineering and sales activities 
of RCA, was formerly manager of 
the scientific and industrial equip- 
ment sales section of the RCA In- 
ternational division. 


° 


Appointment of M. J. Dunn as field 
sales manager of the clock division 
of Telechron Inc, was announced re- 
cently. In his new position, Mr. Dunn 
will be responsible for all sales ac- 
tivities of the standard clock division. 


¢ 


Robert A. Miller has been appointed 
sales manager of the gear coupling 
division of Sier-Bath Gear & Pump 
Co. Inc., 9252 Hudson Blvd., North 
Bergen, N. J. Formerly assistant 
sales manager of the coupling divi- 
sion, Mr. Miller is now in charge of 
appointing representatives for the 
company’s new line of flexible gear 
couplings. 

° 

Announcement has been made of 
the appointment of O. P. Robinson 
as manager of the Pittsburgh district 
sales office of Cutler-Hammer Inc., 
replacing T. S. Towle, who is now re- 
tiring after an association of thirty- 
six years with Cutler-Hammer. Mr. 
Robinson joined the company in 1936 
as a member of its Chicago district 
sales office and in 1940 was trans- 
ferred to Pittsburgh. In his new 
position the will also supervise the 
company’s Youngstown office in the 
sale of motor control and allied elec- 
trical apparatus. 


° 


Joseph F. Eckel, manager of the 
General Electric plant at Lynn, Mass., 
since 1947, has been appointed mana- 
ger of the company’s large motor and 
generator divisions at Schenectady, 
N. Y. He succeeds J. M. Crawford, 
who was recently transferred to Pitts- 
field, Mass., as manager of the trans- 
former and allied product divisions. 
Herbert L. Ross, former manager of 
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with STAR-KIMBLE BRAKEMOTORS 


e start-and-stop cycles are toughest, you'll find Star Brake- 
tors on the job, hour after hour, day after day! 





The extra-large braking area of Star-Kimble Brakemotors assures 
quick stopping, positive holding of the load—gives long service life 
with little maintenance. Small air gap between electromagnets and 
brake disc results in extremely fast release—allows motor to start 
smoothly, without friction drag. Other features: 


Brake discs mounted close to motor for low wear and strain on shaft 
and bearings. Magnets mounted away from motor for cool operation. 
Quick, simple adjustment of braking torque. Automatic re-set hand 
release—an exclusive, patented Star-Kimble feature. 


Remember . . . a Star-Kimble Brakemotor is a com- 
pact, integral unit—motor and brake built together 
to work together. Each Star-Kimble Brakemotor is 
designed for specific service requirements—by the 
company that pioneered disc brakemotors and has 
applied them successfully, for more than 25 years, 


Want to know how Star-Kimble 
Brakemotors work — what torque 











and moter ratings are availoble? 
Write for free Bulletin B-501-A. 


-KIMBLE 


MOTOR DIVISION OF 
LE PRINTING PRESS & MANUFACTURING CO. 













200 Bloomfield Avenue Bloomfield, New Jersey 





manufacturing of the meter and in- 
strument divisions, replaces Mr. Ec- 
kel at the Lynn plant. General 
Electric also recently announced three 
new appointments in its small and 
medium motor divisions. J. T. Farrell 
has been named assistant to the 
manager of sales of the small and 
medium motor divisions, and Howard 
W. Bennett and Paul D. Ross have 
been named managers, respectively, 
of the new gear-motor and packaged 
drive sales division and another new 
group, the Erie, Pa., armored motor 
sales division. 

° 


Wilbur R. Leopold has been ap- 
pointed assistant to vice president 
T. Cruthers of Worthington Pump 
and Machinery Corp., Harrison, N, J., 
and will function on public works 
projects. Replacing Mr. Leopold, 
Clarence S. Wentworth will fill the 
post of manager of the company’s De- 
troit office. 

° 


The appointment of E. J. Waters 
as sales manager of its automotive 
lubrication division was announced by 
the Aro Equipment Corp., Bryan, O. 
After an extensive traveling survey of 
Aro’s field representation he will as- 
sume his new duties at the Bryan of- 
fice. 


F. T. Harrington, vice president of 
sales for Vickers Inc., division of the 
Sperry Corp., 1400 Oakman Blvd., 
Detroit 32, Mich., recently announced 
the appointment of R. E. Esch as gen- 
eral sales manager. Mr. Esch has 
been industrial products sales mana- 
ger since 1946 and has been with 
Vickers Inc. for a total of seventeen 
years. 

o 


Ronald C. Hinman has been ap- 
pointed to the position of sales engi- 
neer with Western Gear Works and 
has been assigned to the aircraft in- 
dustry activities of the company. His 
office will be at the company’s Lyn- 
wood plant in Los Angeles County. 


¢ 


Several new appointments were an- 
nounced recently by the Carpenter 
Steel Co., Reading, Pa. John W. 
Thompson has been named product 
manager of the company and will su- 
pervise stainless, alloy and tool steel 
sales. Harold R. Potter is now sales 
manager for the Cleveland district 
with headquarters in Cleveland. He 
succeeds James S. Bailey, who has 
been named assistant to the vice 
president in charge of sales to devote 
his time to special work. Also, 
William R. Staples, former West 
Coast representative, has been ap- 
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Here’s important information on Rollpins—the amazing 
new fasteners that eliminate slow, expensive reaming, peen- 
ing, and machining operations. Just imagine the cost-cutting 
possibilities provided by a single fastener with such wide 
design and application flexibility that it can replace tapered 
pins, grooved pins, or straight pins. Investigate the savings 
Rollpins offer your product. 

In the short period since their introduction, manufac- 
turers are already using Rollpins as steel fastening pins 
holding pulleys and gears to shafts; as pivot or hinge pins, 
clevis pins, cotter keys, shafts, and locating dowels. . . to 
provide lower-cost, simplified, vibration-proof assemblies. 

Rollpins require no special installation skills . . . readily 








Rollpins are made from either Carbon Steel or 
Stainless Stee! and are readily available from stock 
in diameters from 1/16 inch to 2 inch and in a 
broad range of standard lengths. 


times-an hour. 
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How much can Rollpins save 
on your production line? 


i ae pen TR 


Rolipins are used to replace a hardened, ground 
tapered pin in this feed tube finger clutch assembly pivots. Self-r 9, y ded rivets 
—stand up to flexing and shock more than 2,400 








replace your present fastener . . . exgeed the sheer strength 
of a cold-rolled pin of equal diameter. Rollpins stay tightly 
in place until deliberately removed with a pin punch—can 
be used over and over again. 

For complete information on Rollpins and their almost 
unlimited money-saving applications write to Elastic Stop 
Nut Corporation of America, 2330 Vauxhall Road, Union, 


New Jersey. 


PRODUCT OF 






CO! 
ELASTIC STOP NUT CORPORATION 
OF AMERICA 





four Rollpins are used in this Hansen tacker as 
én the lent i 





and bolts . . . simplify maintenance operations . . . 
provide a flush fit. 
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PENNSYLVANIA 
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provement is one of the ways we keep our capacity equal to the 
SPS STANDARD PRESSED STEEL €O. 


increasing demand for UNBRAKO Socket Screw Products. 
It takes skilled people, working with top-flight equipment in spa- 


cious, well-planned buildings to give you all the UNBRAKOs you 


A continuing, long-range program of plant modernization and im- 
want, when you want them. 


After all, capacity at SPS simply means: ‘We can Deliver . 


Write for your UNBRAKO Catalog. 





We can deliver... 


Precision- 
Ground 
Dowel Pin 








Fully-Formed 
Pressure Piug 


Knurled 
Point Socket 
Set Screw 


Flat Head 
Socket Cap 
Screw 


Knurled 
Socket Head 


Socket Head 
Shoulder Screw 








Cap Screw 





. 






an 












pointed assistant to the manager of 
sales for the Alloy Tube division of 
the company in Union, N. J. Paul 
E. Kelly has taken over Mr. Staples’ 
former duties. 

+ 


The appointment of Frank G. Drake 
as general sales manager has been 
announced by Bede Products Inc., 
Cleveland. He succeeds Richard E. 
Estabrook, who was named general 
manager. A veteran of thirty-five 
years in the finishing field, Mr. Drake 
will handle sales for Bede Products, 
manufacturers of paint heaters for 
all types of industrial and automotive 
finishing applications. 


¢ 


Phillips B. Patton, former field 
engineer, has become manager of the 
sales engineering department of Len- 
kurt Electric Co. Inc., San Carlos, 
Calif. 

° 


E. C. Barlow has become affiliated 
with Charles J. Haas Inc., manu- 
facturers of industrial chemicals, oils 
and greases, with manufacturing 
plant and offices at American and 
Cumberland Sts., Philadelphia. Mr. 
Barlow was with E. F. Houghton & 
Co. for twenty-four years in the ca- 
pacity of sales manager for the cen- 
tral division and later served in Phila- 
delphia as assistant to the executive 
vice president. 

. 


Announcement was made recently 
of the promotion of Carl Bauer to the 
newly created post of vice president 
in charge of industrial sales of Stand- 
ard Varnish Works, New York and 
Chicago. He was formerly industrial 
sales manager of the firm’s New York 
operations. His new duties represent 
a consolidation of the Eastern and 
Western sales activities under a 
single administrative head. J. Peter 
Jordan, industrial sales manager of 
Standard Varnish Works, Chicago, 
will continue to serve in that capacity 
under the new consolidated organiza- 
tion. 

¢ 


James J. Filas has been appointed 
manager of the newly-created fasten- 
er department of Acme Steel Co., 
Chicago. A member of the Acme 
Steel sales staff for over twenty- 
five years, Mr. Filas has served in 
New England and Midwestern terri- 
tories, and until the new appoint- 
ment, had been special representative 
in charge of stitching machine activi- 
ties in the central division. The fast- 
ener department will be responsible 
for the development of manufactured 
steel specialty items used for fasten- 
ing and tacking. 
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Four Century 5 horsepower splash proof 
motors driving fans. 





TYPE SC- 
SQUIRREL CAGE MOTORS 





Ye to % horsepower 





1 to 1% horsepower 





2 to 15 horsepower 





20 to 125 horsepower 





150 to 400 horsepower 


MACHINE DESIGN—January, 1951 





Two Century 30 horsepower motors 
driving refrigeration compressors. 


Equipment Producers 


Select 
Motors 


To Give You Long-Life Performance 
With Least Down-Time 


The correct selection of the right combination of motor type, speed, 
power, torque, frame and mounting keeps Century motors on the job. 


Team work between your motorized equipment producers and 
Century motor engineers means that you always get the right 
motor—selected from Century's wide range of types and kinds, in 
sizes from Ys to 400 horsepower for single or polyphase alternating 
current and direct current. You can be confident that you get top 
performance from the fine equipment these motors drive. 


Skillful application makes sure that Century motors meet the 
exacting requirements of the machines they drive. That's your 
assurance of dependability. 


CENTURY ELECTRIC CO. 1806 Pine St., St. Louis 3, Mo. 


Offices and Stock Points in Principal Cities 


CE-690R 
' 
| 


Specify oR for all your electric power requirements 
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FAWICK INVITES YOU TO 


OF THE “E”’ or "S” TYPE BRAKE 





The New Fawick “S” 
Brake featuring posi- 
tive spring - applied 
engagement and in- 
stanteneous air re- 
lease. 

The established 
Fawick “E" Brake, 
acclaimed by all 
veers for its top- 
efficiency per- 
formance. 


Continuing the policy of providing press and shear users with the 
safest and most efficient clutches and brakes, the Fawick Airflex 
Company have designed, in addition to the Fawick “E”’ Brake, the 
new Fawick ‘“‘S’”’ Brake. Users may now choose between these top- 
efficiency brakes—the ‘‘E”’ Brake if they prefer an air-applied brake, 
the “‘S’”’ Brake if they prefer a spring-applied and air-released brake. 

The new “S” Brake is of unique multiple-shoe design, with the 
springs applying a double-spring force to the heel and toe of adjacent 
brake shoes. The shoe arrangement provides self-energizing features 
which produce more than adequate braking power. This insures 
machine and worker safety as well as improved inching characteristics. 
The ruggedly built ‘‘S” Brake is air- 
released through generous-sized air 
cylinders, permitting instant and uni- 
form disengagement. 


FAWICK AIRFLEX CO., INC. 
9919 CLINTON ROAD, CLEVELAND 11, OHIO 


. 
FALWICK, 





For more detailed engineer- 
ing and application infor- 
mation on the new Fawick 
“S” Brake, write to the 
Home Office in Cleveland 
or to your nearest Fawick 
representative 


Pirfl ¥“ 





“SALES 
NOTES 


O PROVIDE improved service 

and sales engineering advice, 
George K. Garrett Co.. Inc., Pennsyl- 
vania manufacturer of lock washers, 
flat washers, hose clamps, retainer 
rings, springs, and stampings, has 
just moved to its own building at 
15755 James Couzens, Detroit 21, 
Mich. This Detroit branch is under 
the direction of J. A. Cotter, new dis- 
trict sales manager. 


* 


According to a recent announce- 
ment, McConkey-Docker & Co., 126- 
132 West Madison St., Phoenix, Ariz., 
has been appointed an authorized dis- 
tributor for the entire state of Ari- 
zona by Carboloy Co. Inc. of Detroit. 


° 


The Engineering Products Co., 
Charleston, W. Va., has been ap- 
pointed sales representative for the 
full line of Eriez magnetic separation 
equipment, which includes all perma- 
nent magnetic separators made by 
Eriez Mfg. Co. of Erie, Pa., as well 
as RCA electronic metal detectors. 
Engineering Products Co. will make 
available complete research and lab- 
oratory testing facilities through the 
co-operation of the Eriez organiza- 


tion. 
° 


The appointment of Donald Sales 
and Mfg. Co., 6601 West State St., 
Milwaukee 13, Wis., as exclusive dis- 
tributors in Wisconsin for its com- 
plete line of metal cleaners, Bright 
Copper and other metal finishing pre- 
parations, has been announced by 
MacDermid Inc. of Waterbury, Conn. 
T. F. O’Brein, MacDermid sales en- 
gineer, will be available for custo- 
mer service concerning any metal 
finishing problems. 


° 


Ladish Co., Cudahy, Wis., manu- 
facturer of a complete line of forged 
and seamless welding pipe fittings, 
has announced the establishment of 
a branch office at 405-406 Thompson 
Bldg. in Tulsa, Okla. The office is 
under the managership of G. E. Ma- 
honey, who for the past three years 
has served as district manager of 
Ladish at Chicago. Simultaneously 
Ladish announced a change in ad- 
dress of its St. Louis office and the 
appointment of W. H. Heckenberg as 
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Hounded by tubing ptoblems? 






SIZES UP 
to ¥" o.p. 


Bundyweld Tubing, double- 
walled from a single strip. Ex- 
clusive, patented beveled edge 
affords smoother joint, absence 
of bead, less chance for any 
leakage. 


MACHINE DESIGN—January, 1951 


Nothing will get you up a tree faster, com- 
petitively speaking, than a tubing part that 
can’t hold its own in your product. 


Like a coil that won't curl up and behave. 
Or a line that bursts under normal pres- 
sure. Or a unit that tires out after a short 
shimmy. If you're hounded by these or 


other problems in your applications of 
small-diameter tubing, it will pay you well 
to check into Bundyweld, the multiple- 
wall type of Bundy® tubing. 


Double-walled from a single strip, with 
exclusive beveled edge, Bundyweld has no 
peer in its field. 


Bundy Tubing Company 


DETROIT 14, 


MICHIGAN 


World’s largest producer of small-diameter tubing 
AFFILIATED PLANTS IN ENGLAND, FRANCE AND GERMANY 
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I 
THE 523 RELIEF VALVE 
is compact in design, light in 
weight, neat in appearance, 
and can be easily and quickly 
installed. 


THE 267 CHECK VALVE 
is for use in air or oil at operat- 
ing pressures up to 1,500 p.s.i. 
itis of aluminum alloy construc- 
tion, and is designed especially 
for small space installations. 





THE 463 CHECK VALVE 
is for use in air, oil or water at 
operating pressures up to 
5,000 p.s.i. It is of brass and 
bronze construction, and is 
hiszhly adaptable to heavy- 
duty service. 


oe a! 


No matter whether they’re employed to 
meet the exacting requirements of a 
maker of X-Ray equipment, or measure- 
up to the heavy-duty demands of a ma- 
chine tool builder — Electrol Relief and 
Check Valves provide precise pressure 
and flow control . . . and work quietly 
together. 


The Electrol Relief Valve is of poppet- 
type construction, which assures fast, ac- 
curate, squeal-free pressure control. It 
has a wide range of adjustment, and can 
be set to the desired position, easily and 
quickly, by turning a fine, screw-thread 
adjusting cap. 


Electrol Check Valves are designed to 
eliminate any possibility of excessive 
pressure drop, and are equipped with 
a patented O-ring check seat, which pro- 
vides a quick acting, positive check of 
reverse flow from 0 up to the maximum 
operating pressure. 


Let us supply you with further details, or 
—if you wish—have one of our engineers 
call at your convenience. 










lectrol 


89 RAND TR 


KINGSTON, NEW YORK 


FOR BETTER HYDRAULIC DEVICES 








district manager. The new office ad- 
dress is Suite 1605, Continental Bldg., 
3615 Olive St., St. Louis, Mo. 


° 


The S. J. Smith Co., 410 West River 
St., Davenport, Iowa, has been ap- 
pointed an authorized dealer of prod- 
ucts of the Air Reduction Sales Co., 
a division of Air Reduction Co. Ine. 
The new company, which opened last 
November, is owned and operated by 
S. J. Smith and will service Scott 
County in Iowa and Rock Island 
County in Illinois with a complete 
line of Airco gas and electric arc 
welding equipment, supplies and ac- 
cessories. 

. 


For better service to industries in 
the greater Pittsburgh area, Link- 
Belt Co. has constructed and is now 
operating a new factory branch store 
located at 5020 Centre Ave., Pitts- 
burgh 13, Pa. This new building pro- 
vides ample space for stocking trans- 
mission and materials handling prod- 
ucts and serves as headquarters for 
the increased Pittsburgh personnel. 


oe 


Roots-Connersville Blower Corp., 
Connersville, Ind., has announced the 
appointment of the Koerner Engineer- 
ing & Supply Co. of Portland, Ore., 
as exclusive sales agents for all R-C 
products in the states of Oregon and 
Washington. Roots-Connersville man- 
ufactures rotary positive and cen- 
trifugal blowers and exhausters, cyc- 
loidal vacuum pumps, positive dis- 
placement meters, and inert gas gen- 
erators. 

+ 


The following new sales representa- 
tives have been appointed by Double 
Seal Ring Co. of Fort Worth, Tex.: 
Alton J. Fabrey, representating the 
eastern part of the state of New 
York; Clifford J. Lane, in the western 
part of the state of New York; and 
the C. H. Garrison Co., covering the 
state of Kansas and southwestern 
Missouri. 

J 


Joseph T. Ryerson & Son Inc., steel 
distributor, has moved into its new 
and larger steel-service plant and of- 
fice building in Cincinnati, construc- 
tion of which was begun last January. 
The new plant, located at 3475 Spring 
Grove Ave., represents an investment 
of well over $1,000,000 and: replaces 
the company’s former plant at Front 
St. and Freeman Ave. The mail ad- 
dress of the company, Box 300, Cin- 
cinnati 14, O., remains unchanged. 
Complete equipment has been in- 
stalled for cutting and otherwise pre- 
paring steel to customers’ require- 
ments. 
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“Chrome Lock on Metal” is the latest thing 
on the anti-corrosion menu. This new, low-cost, 
protective gasketing material consists of a high 
grade felt, impregnated with a special blend of 
resins, plasticizers, inert pigments and chromates. 
It inhibits corrosion and electrolysis, provides 
a positive seal against moisture, air and dust. 

Like ordinary felt, it has unending cushioning 
and deterioration-resistant qualities. 

Chrome Lock’s current uses include the seal- 
ing of metal windows, electronic control panels, 
air conditioning products, electrical equipment, 
railroad cars and many others. 

Chrome Lock is the ideal seal wherever anti- 
corrosion, anti-electrolysis and anti-aging prop- 
erties are required. It may very well be the 
answer to your own protective gasketing prob- 
lems. CLIP THE COUPON TO YOUR LET- 
TERHEAD AND MAIL—NOW! 


® Spring Packing Corp. Engineers are available 
in all principal cities. Their over 30 years’ as- 
sociation with the railroad industry in the de- 
velopment of packings, gasketings, retainers 
and other industrial products, provides a 
background of experience that will be of 
real value in solving your own gasketing 
problems. 





Manufactured by 
Products Research Company 


SPRING PACKING CORPORATION 


332 SOUTH MICHIGAN AVENUE, CHICAGO 4, ILLINOIS 
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ARE SPECIAL... 






— 
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SPECIAL FOR 


HILLING CORROSION! 















CHROME LOCK’S PRESSURE SENSITIVE 
ADHESIVE BACK AIDS PRODUCTION 
MANY WAYS: 


1. Cuts application time. Applied 
as fast as it can be unrolled. 

2. Holds the gasket in place 
while the joint or other work is 
handled. 

3. Eliminates glueing or tying 
operation. Eliminates clean-up. 
4. Regular rolls can be used to 
gasket square-cornered flanges. 
Merely lap or butt at corners. 

5. Adheres to metal, wood, plastics, tile and nearly 
every surface—vertical, overhead or horizontal. 











There is no other product on the market like Chrome 
Lock. 


CLIP THIS COUPON TO YOUR LETTERHEAD AND 
MAIL—NOW! 
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SPRING PACKING CORPORATION ¢ S a 
332 S. Michigan Ave., Chicago 4, IIlinois- J 
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\WWEETINGS 


AND EXPOSITIONS 


Jan. 15-138— 

Plant Maintenance Show to be held 
in the Public Auditorium, Cleveland. 
Additional information may be ob- 
tained from Clapp & Poliak Inc..,. 341 
Madison Ave., New York 17, N. Y. 


Jan. 18-20— 

Society of Plastics Engineers. Sev- 
enth annual national technical con- 
ference to be held at the Hotel Stat- 
ler, New York. Additional informa- 
tion may be obtained from society 
headquarters, 409 Security Bank 
Bldg., Athens, Ohio. 


Jan, 22-26— 

American Society of Heating and 
Ventilating Engineers. Tenth interna- 
tional heating and ventilating exposi- 
tion to be held at the Commercial 
Museum in Philadelphia, Pa. Addi- 
tional information may be obtained 
from the International Exposition 
| Co., 480 Lexington Ave., New York, 


| N. ¥. Charles F. Roth is manager. 


Jan. 22-26— 

American Institute of Electrical 
Engineers. Winter meeting to be 
held at the Statler Hotel, New York. 
H. H. Henline, 33 West 39th St., New 
York 18, N. Y., is secretary. 





Jan. 29-Feb. 1— 

Institute of the Aeronautical Sci- 
ences. Nineteenth annual meeting to 
be held at the Hotel Astor, New York. 
R. R. Dexter, 2 Bast 64th St., New 
York 21, N. Y., is secretary. 





MORE USERS PREFER ALLEN 
KEYS THAN ANY OTHER MAKE 


Allenoy key steel plus Allen-controlled 
heat treatment makes Allen keys more 








: : . -22— 
torque-resistant without brittleness. Feb. 18-2 
_ The world’s largest manufacture American Institute of M and 
Close tolerance of the hex form and of Ghee etedites and ine ty Metallurgical Engineers — 
P chines seeks out the best supplies . ss 
sharp key corners assure accurate fit Pr conmenthen for its cabate. meeting to be held at the Jefferson 
c ippi ili In the metal stitcher illustrated ; iti in. 
and top gripping ability. Chamfered ee ee a co dees Hotel, St. Louis, Mo. Additional in 
key ends fit sockets easily. guard Bostitch performance at formation may be obtained from so- 
twelve important points. ciety headquarters, 29 West 39th St.. 
To get the most out of the advantages - New York 18, N 





of Allen O Head Screws be sure to get 
SOLD ONLY THROUGH LEADING DISTRIBUTORS Feb. 28-Mar. 2— 


genuine Allens. ‘anion Gen: Gian dieent tae tesbeteal 
sheomation end dasatptive Giessten. Society of the Plastics Industry. 
Sixth annual techical session of the 


Reinforced Plastics Division to be 
inG 
warn ot 
Aen-Type S00 
secessatil at | 
gensne Press Hse Sad yy ere COMPANY 


held at the Edgewater Beach Hotel, 
Chicago, Ill. W. T. Cruse, 295 Madi- 
Hartford 2, Connecticut, U. S. A. 
NEW _YORK, CLEVELAND, DETROIT. CHICAGO, _tOs ANGELES A, 


8c. 


J8O 





son Ave., New York 17, N. Y., is ex- 
ecutive vice president. 





illesO Oia screws * 








Mar. 5-9— 
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MAXITORQ 


We are pleased this month to pay tribute to the Joy 
Mfg. Co., Pittsburgh, Pa., for its remarkable 18-HR-2 
Rock and Ore Loader ...and to express our grati- 
fication for their selectton of Maxitorq Clutches as 
original equipment. 


Two double No. 27 Maxitorg floating disc Clutches 
...one for each crawler tread... control the power 
for independent forward and backward movement 
that permits precision maneuvering and positioning 
of the loader. 


Only a ruggedly-built clutch can stand up under the 
tough going of this “battleship” machine that loads 
up to 12 tons of ore per minute. Maxitorgq is taking 
the job in its stride. 


If you have a tough job requiring positive clutch 
action and long life...or an application calling for 
overload protection of a shear pin nature ...ask our 
engineers for practical recommendations. Within its 
capacity (to 15 H.P. at 100 r.p.m.) there’s no finer 
clutch made. 


Send for Catalog No. MDI 











THE CARLYLE JOHNSON MACHINE COMPANY 


MANCHESTER e@ 
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1000000 


BRIGGS & STRATTON | 








The performance record of more than five 
million Briggs & Stratton single-cylinder, 
4-cycle, air-cooled engines speaks for itself. 
BRIGGS a STRATTON CORP., Milwaukee 1, Wis., U.S.A. 






“Preferred Power” 


for home, farm and indust- 
rial equipment — powered 
by gasoline engines. 





FACTORY 
SUPERVISED 
SERVICE 





In the automotive field Briggs & Stratton is the recognized leader 
and world’s largest producer of locks, keys and related equipment. 
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terials. Spring meeting to be held at 
the Netherlands-Plaza Hotel, Cincin. 
nati, Ohio. Additional information 
may be obtained from society head- 
quarters, 1916 Race St., Philadelphia 
3, Pa. 


March 6-8— 

Society of Automotive Engineers, 
Passenger car, body and materials 
meeting to be held at the Book- 
Cadillac Hotel, Detroit, Mich. John 

C. Warner, 29 West 39th St. 
New York 18, N. Y., is secretary and 
general manager. 


Mar. 15-17— 

American Society of Tool Engi- 
neers. Annual meeting to be held at 
the Hotel New Yorker, New York, 
N. Y. Additional information may be 
obtained from society headquarters, 
1666 Penobscot Bldg., Detroit 26, 
Mich. 


Mar. 16— 

Institute of the Aeronautical Sci- 
ences. Sixth annual flight propulsion 
meeting to be held at the Hotel 
Carter, Cleveland, Ohio. R. R. Dex- 
ter, 2 East 64th St., New York 21, 
N. Y., is secretary. 


Mar. 19-23— 

American Society for Metals. West- 
ern metal congress and exposition to 
be held in the Civic Auditorium, Oak- 
land, Calif. William H. Eisenman, 
7301 Euclid Ave., Cleveland 3, Ohio, 
is national secretary. 


Apr. 2-5— 

American Society of Mechanical 
Engineers. Spring meeting to be 
held at Hotel Atlanta-Biltmore, At- 
lanta, Ga. C. E. Davies, 29 West 
39th St., New York 17, N. Y., is sec- 
retary. 


Apr. 16 — 

Packaging Machinery Manufactur- 
ers Institute. Semi-annual meeting 
to be held at the Hotel Dennis, At- 
lantic City, N. J. Additional informa- 
tion may be obtained from society 
headquarters, 342 Madison Ave., New 
York 17, N. Y. 


Apr. 16-18— 

American Society of Lubrication 
Engineers. National convention to be 
held at the Bellevue-Stratford Hotel, 
Philadelphia, Pa. W. F. Leonard, 343 
South Dearborn St., Chicago 4, II. 
is secretary. 


April 16-18— 


Society of Automotive Engineers. 
Aeronautic and aircraft engine dis- 


MACHINE DESIGN—January, 1951 











Tete huge and complex line grinds and polishes the clear, 
safe-vision glass made by the Ford Motor Company in its plant in 
Dearborn, Michigan. There are 60 grinding and 100 polishing 
machines using 1100 blocks of felt. The ways on each line 


are leveled to an absolute plate by means of engineer levels set 7 It 
up from the center, so that the ways are definitely not following American e 
the curvature of the earth. The tables making up the line are 
92 inches wide and 12 feet long, and are automatically Com y 
latched together, forming a continuous table 600 feet long. yaape MARK 


Some of the blocks of American polishing felt can be seen in 
the illustration above. It is a source of satisfaction to 
American Felt Company to play a part in this operation. 
Felt is so important to the automotive industry that strict GENERAL OFFICES: 
standards were developed for the material, permitting the various 22 Glenville Road, Glenville, Conn. 
types to be correctly chosen for specific applications, and exactly ENGINEERING AND RESEARCH LABORATORIES: 


’ ri 2 Glenville, Conn.—PLANTS: Glenville, Conn.; 

specified when ordering. Many other industries also order from Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; 

American to those standards. Typical applications, both within and a yy A hg Setoalt, Cleveland. Seaaeen 

without the automotive industry, include: sealing, wick i wong Fg ny oe 

lubrication, gaskets, washers, anti-squeak strips, dust shields, ; . 7 : 

lining, padding, filtration, polishing, cushioning, insulation, wiping, 
sound absorption. American supplies felt in sheets or rolls, and 
also provides precision-cut parts, ready for assembly. 


For technical information and illustrative samples, write for special booklet: ’’S.A.E. Felts.” 
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WS les, YOU CAN 


CuT COSTS 





and SAVE LABOR! 


A tip for you on trimming costs—put T-J 
products to work in your plant! Engineered to 
save labor and give you plus performance in a 
wide range of applications. 

For those “muscle jobs” of pushing, pulling 


a or lifting—100 Ib. or 50,000 lb.—save money 


RYDRABLIC CYLINDERS by mechanizing with T-J Air and Hydraulic 
Cylinders! For high production in rivet- 
setting, specify T-] Rivitors with automatic 
feeding and setting . . . air or electric power. 

For setting clinch nuts in automotive body 
panels, door locks and other products... 

set "em 3 to 5 times faster with T-J 

Clinchors! For more work between 
grinds in tough die steels... T-J Cutters! 
For accurate, automatic control of 
presses, brakes, other machines and 
equipment... T-J Air Controls. 
That's it—get T-J all the way 
for tough jobs! Send for latest 
catalogs. The Tomkins- 
Johnson Co., Jackson, Mich. 





AIR CYLINDERS 


J 


RIVITORS 





22 CUTTERS 


, 
int 


AIR CONTROLS 





CLINCHORS 





(F-J) 34 YEARS EXPERIENCE 
TOMKINS-JOHNSON 


AIR AND HYDRAULIC CYLINDER NCHORS 














RIVITOR 





play meeting to be held at the Statler 
Hotel, New York. John A. C. Warner, 
29 West 39th St., New York 18, N. Y., 
is secretary and general manager. 


Apr. 17-20— 

American Management Association. 
The 20th national packaging exposi- 
tion to be held in the Atlantic City 
Auditorium, Atlantic City, N. J. Ad- 
ditional information may be obtained 
from society headquarters, 330 West 
42nd St., New York 18, N. Y. 


Apr. 23-26— 

American Foundrymen’s Society. 
The 55th annual convention to be 
held in Buffalo, N. Y. Additional in- 
formation may be obtained from so- 
ciety headquarters, 616 South Michi- 
gan Ave., Chicago, Ill. 


Apr. 25-26— 

Metal Powder Association. Seventh 
annual meeting to be held at Hotel 
Cleveland, Cleveland, Ohio. Addi- 
tional information may be obtained 
from society headquarters, 420 Lex- 
ington Ave., New York 17, N. Y. 


Apr. 30-May 4— 

Materials Handling Exposition to 
be held in the International Amphi- 
theatre, Chicago, Ill. Additional in- 
formation may be obtained from 
Clapp and Poliak, Inc., 341 Madison 
Ave., New York 17, N. Y. 


Apr. 30-May 11— 

British Industries Fair to be held at 
Olympia and Earls Court, London; 
and at Castle Bromwich, Birming- 
ham, England. Additional informa- 
tion may be obtained from British 
Information Services, 30 Rockefeller 
Plaza, New York 20, N. Y. 


May 23-24— 

American Society for Quality Con- 
trol. Fifth annual convention to be 
held at the Hotel Cleveland, Cleve- 
land, Ohio. Additional information 
may be obtained from society head- 
quarters, 22 East 40th St., New York 
16, N. Y. 


May 24-25— 

Society of the Plastics Industry. 
Annual national meeting to be held 
at the Greenbrier Hotel, White Sul- 
phur Springs, W. Va. W. T. Cruse, 
295 Madison Ave., New York 17, 
N. Y., is executive vice president. 


June 3-8— 

Society of Automotive Engineers. 
Summer meeting to be held at the 
French Lick Springs Hotel, French 
Lick, Ind. John A. C. Warner, 29 
West 39th St.. New York 18, N. Y. 
is secretary and general manager. 
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How to cut costs 


Long-lasting intermediates are assured. In a “per- 
manence test” made by the Virginia Dept. of High- 
ways, an Autopositive print was left on a roof top for 
36 days. During this time this photographic interme- 
diate was exposed to 200 hours of sunlight. . . 6.88 
inches of rain. Despite all of this abuse it was declared 
“good as new.” 


> 


Proof, indeed, that “Autopositives” will stand up 
under less trying, normal conditions . . . will remain 
intact in the files year after year . . . ready to produce 
sharp, clean blueprints whenever needed. 


hf ap 
POSE y 

ines Ki i i 
lap ugngly i 
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iXodagraph /\utepesitive Paper 
‘The Big New Plus’’ in engineering drawing reproduction 
MAIL Gouron FOR FREE BOOKLET———- 


4 
EASTMAN KODAK COMPANY 
Industrial Photographie Division, Rochester 4, N. Y. 


@ it enables you, or your 
local blueprinter, to produce 
positive photographic inter- 
mediates at a new low cost. 


@ it enables you to protect 
valuable originals from wear 


Gentlemen: Please send me a @ 
booklet giving all the facts on 


How to do the job most economically was an important ques- 
tion: Retracing was ruled out—too slow, too expensive. The use 
of intermediate prints was considered next. They had to be 
long-lasting . . . easy to make . . . easy to revise. 


Here’s why Kodagraph Autopositive Paper was chosen 


for the job: 





2 


Photographic intermediates are produced at a new low 
cost. When “Autopositive” is used, positive photographie inter- 
mediates are produced directly without a negative step, with- 
out darkroom handling. Maximum efficiency is realized by the 
Virginia Dept. of Highways because its “Autopositives” are 
turned out automatically .. . in a continuous blueprint machine, 
which can be converted readily for Autopositive production. 


Drafting revisions are easily made. Unwanted details 
—such as existing right of ways—are removed quickly 
from “Autopositives” with corrector fluid. Then the pro- 
posed right of ways are drawn in with pencil or ink. 
Thus, new masters— prepared without costly redrafting— 
are ready to turn out the blueprints needed for county 
supervisors and resident engineers. 


= 


when drafting revisions 
are necessary 


A case history based on the 
experience of the Virginia 
Department of Highways 


TODAY the State of Virginia is engaged in a long-range Highway 
Zoning Program which necessitates changing thousands of draw- 
ings to include proposed right of ways. 


























































of your illustrated 
agraph Autopositive Paper. 





(please print) 








and tear...obtain more Name 
legible final prints. 

@ It gives you photo-lasting Company 
file copies. Street 

@ It restores old, worn draw- 

ings ... reproduces opaques. City 
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FOR COOLANTS, 
LUBRICANTS, AND 
ABRASIVE LIQUIDS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


Cc. STANDARDS 
OR DIRECT 
MOTOR CONNECTED 


d. 4. 


FOR TWENTY YEARS— 
DEPENDABLE, 
ECONOMICAL, EFFICIENT 


PIONEER 
PUMP 


& MANUFACTURING CO., INC. 


ee oe oe 
TOOL 
USE 


STANDARD OR 
FOR EVERY MACHINE 
AND INDUSTRIAL 


JOHN R STREET 
MICHIGAN 


19652 
DETROIT 3, 


FOR CATALOG 
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REFRIGERATORS : 





AUTOMATIC 





\y NEW 
MACHINES 


And the Companies Behind Them 


Business Equipment 


GLUING MACHINE: For applying glue 


coatings to flexible or rigid mate- 
rials to %-in. thick and 46 in. wide. 
Has 6-in. diameter glue and ductor 
rollers. Glue kept at proper temper- 
ature with thermostatically-con- 
trolled heating unit in hermetically- 
sealed tank. Electric variable-speed 
drive gives speed ratio from 0 to 
100 fpm. Potdevin Machine Co., 
Brooklyn, N. Y. 


Domestic 


IRONERS: Line of automatic flat and 


rotary ironers. Flat ironer has foot 
control, features 300-sq in. of iron- 
ing surface and 400-lb ironing pres- 
sure. Rotary models have controls 
for knee or hand operations; pow- 
ered by two-speed fully-enclosed 
motors. Portable rotary model 
weighs 33 lb, can be used on any 
convenient table or stand. General 
Electric Co., Bridgeport, Conn. 


Line of nine new 
models featuring frozen food com- 
partments extending across the top, 
defrost indicators, door shelves and 
butter conditioners. Frozen food 
capacity in 8.7 cu-ft model, 43 
lb; frozen food capacity of 1l-cu 
ft model, 49 lb. Line includes de- 
luxe combination refrigerator-freez- 
ers with door shelves, low-cost 6- 
cu ft model and 4-cu ft under- 
counter model. Hotpoint Inc., Chi- 
cago, Ill. 


ELECTRIC RANGES: Line includes med- 


ium-price pushbutton range, two 
deluxe pushbutton models, two 
standard models, and two apart- 
ment house models. Various models 
feature electrically-heated salt con- 
ditioner, fluorescent lamp for light- 
ing cooking surface, double ovens, 
roller-bearing storage drawers, 
built-in pressure cookers, and 
timers. General Electric Co., 
Bridgeport, Conn. 


DISHWASHER: Front- 
opening, top-loading, fully auto- 
matic dishwasher washes and dries 
100 pieces of china, glassware and 
cutlery in 30 minutes. Fits under 
any standard kitchen counter. Has 
preliminary power rinse to preheat 
dishes and wash off loose food 
particles. Dishes then washed in 
detergent solution heated by elec- 
tric heating unit in tub and double 
rinsed before being dried by hot 
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Unique labyrinth seal automatically controls the 
correct amount of lubricant and prevents blow- 
ing out of seals. Keeps in lubricant while it 
keeps out dirt. 









Rigid, one piece, precision machined; providing 
a solid mounting in any position. sd | AR) | BLOC K 4 $ 




















Spherically ground outside bearing surface 
automatically aligns itself in the Boston Gear 


shafts quick mounting, easy insullation, MY VIS ARYAN TNE 


Precision ground chrome alloy ball bearings 
and Mirror-Finished bearing steel ball races 
assure smooth, quiet running and long life. 


Over 70 years of experience and the most 
advanced tools and inspection equipment known 
to the industry. 


BOSTON Gear PILLOW BLOCKS and 
FLANGED CARTRIDGES are stocked by eighty 
experienced, competent Authorized Boston Gear 


Distributors — one near you. “i 
ms . 











fe 
L 










WRITE FOR BOSTON 
GEAR CATALOG NO. 55 


: = * 
( eo 


‘ | 





I 
| 
It contains complete information on l 
BOSTON Gear Pillow Blocks and over l 
4500 stock items of quality power trans- | 
mission equipment. | 

| 


STON GEAR WORKS 


64 HAYWARD ST. QUINCY 71, MASS. 
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“phe” 


air circulated past heating element 
by fan. General Electric Co.§ > 
Bridgeport, Conn. 


ELECTRIC WATER HEATERS: Element 
ratings changeable to 600, 650, 750, 
1000, 1500, 2000, 2500, or 3000 
watts. Corox multi wattage heating 
element is sickle-shaped, has four 
terminal screws. Changing or omit- 
ting jumpers changes wattage. 
Westinghouse Electric Corp., Pitts- 
burgh, Pa. 








DISCHARGE 
SIDE Heating and Ventilating 


SUCTION ’ | Dust COLLECTOR: Model 8N50, rated 
SIDE 885 cfm with 3-in. static suction, 
recommended where outside ex- 
haust of clean air is required. Re- 
quires 20 by 30-in. floor space. 
Self-clearing, paddle-wheel fan di- 
rect-driven from %-hp continuous- 
duty motor, is capable of clearing 
lint and strings from buffing, chips, 
shavings and saw dust from wood- 
cepacia ’ working operations, etc. Aget-De- 

ANTI-FRICTION. W ASHER : : 
sahil troit Co., Ann Arbor, Mich. f 


GARBAGE DISPOSAL: Can be connected 
to existing plumbing with esti- 
mated 20 per cent reduction in in- |] » 

etme SFECIAL SYNTHETIC “ stallation costs. Simple locking ar- 

Ss. — . rangement permits rotation of unit | VI 

& 4 to line up with existing plumbing. 

Two inches shorter than previous 

models, new models have two-quart 

capacity. One model for installation 


j | 
fe, Sy 7 / eanemes 
as f 
f \ | in existing sinks or new automatic 
ws , dishwasher sinks, other model for 
‘es — —— ‘1 | pre-plumbed dishwasher models. 
Hotpoint Inc., Chicago, Iil. 
“iy this flexible, carly BATHROOM HEATER: Multiple-use unit 
serves as heater, cooling fan, hair 
"JOHN CRANE” CARTRIDGE-TYPE SEAL <2xcn‘scteae; Ree 
= bathroom wall, pulls out for use as 
hair dryer. Pull out rack used 


for hanging clothes for drying. 
Fresh’nd-Aire Co., Chicago, Iil, 


te 
Teluiemici. 
PRESS FIT 


= 


43. gtd: AY 
a <——— DRIVING NOTCH 


| 








Simple to install on production lines; easy to re- 
place in the field. 


End-face sealing; raised face washer means re- 


markably low friction. Manufacturing 
Flexibility takes care of washer wear, shaft vibra- Uenesy Gane: Hew Son. ee 
tion and shaft end play. model .for tool rooms, machine 
to 7 shops, schools, home workshops, HC 
Positively driven by notches in driving sleeve. etc. Includes dynamically balanced 
High production tooling on sizes for all shafts rotors, integrally cast wheel guards, 
up to .650”. adjustable tool rests, rubber- 
cane ‘ mounted cast iron base. Powered 
Millions now in use on small shafts. | by %-hp, 3450-rpm, dustproof mo- 
The “JOHN CRANE” 6A Seal, specially developed for rugged low pressure a a 
applications such as centrifugal water pumps and rotary agitator shafts, is Lima, O. : 
produced in tremendous quantities for the automotive and appliance fields. SPECIAL DRILLING MACHINE: Drills 7 
High production tooling for this carefully engineered seal makes unit costs low. holes simultaneously in hex-head 


bolts. Uses 7 Simplex automatic 
drill units. Bolts loaded manually, 
held by air clamp. Holding fixture 
has bushings to handle hex-head 
sizes from % to 1% in. Drill units 
made in sizes from y to %-in. 
drill diameter. Simplex Tool Engi- 
neering Co., Detroit, Mich. 


\ PACKINGS AND MECHANICAL SEALS 
Hs fae Nie ae i icemae) TNR | TOOL GRINDER AND LAPPER: Agathon 
QW CHICAGO type 174A precision grinder holds 
Srvape te AD Fviecipel Caries ie Ueited Sretes ond Conede tool in compound holder which slides 
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This 6A Seal has enabled many manufacturers to build their 
equipment at a lower cost. Users of oil closures and all kinds 
of rotary seals should investigate it to see if it can do the 
same for them. 

The 6A seal is fully described in this new booklet. It 


will be a valuable addition to your engineering library. 
Write Dept. MD-1 1825 Cuyler Ave., Chicago 13, lil. 
















BIN VIBRATORS 








VIBRATING GRIZZLIES 





VIBRATORY PACKERS 





HOPPER LEVEL 


BATCH WEIGHING 
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What's Your Problem? 


Clogged bins and hoppers? Slow, 
unreliable, uncontrolled material 
feed? Lack of sizing or separation? 
Does the product require settling or 
packing down in containers? Are 
you fumbling around with small 
parts? Never a happy medium for 
your hoppers—either empty or over- 
flowing? Difficulties with current 
conversion? Leaky shafts? Slow, 
laborious hand batching? 





VIBRATING SCREENS 


Then 
} ask 
' about— 





T PARTS FEEDERS 


SYVTRON 


ELECTRIC VIBRATORS, promoting free- 
flowing bins, hoppers and chutes. 
VIBRATORY FEEDERS, controlling the flow 
ae ie of materials in packaging machines, etc. 
SELENIUM RECTIFIERS VIBRATORY PACKERS, settling materials in 
containers and molds. 

PARTS FEEDERS, feeding small, objects to 
automatic machinery, machine tools, etc. 
VIBRATING GRIZZLIES, for rough scalping. 
VIBRATING SCREENS, removing foreign 
objects, lumps, etc. 

SHAFT SEALS to eliminate leakage of 
gases and liquids. 

BATCH WEIGH SYSTEMS, with scale-con- 
trolled Feeders and Vibrators. 

HOPPER LEVEL SWITCHES, controlling vol- 
ume content of bins, etc. 

SELENIUM RECTIFIERS for efficient conver- 
sion of AC to DC. 


i "  §YNTRON CO, 


260 Lexington, Homer City, Pa. 
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ide, Molded RUBBER Parts 
our, New Product Designs 


Write for a copy of the ACUSHNET 
RUBBER HANDBOOK. It contains help- 
ful information, specifications, natural 
and synethetic rubber data, etc. Please 
make request on company letterhead. 


When designing new products, or re-designing the old, consider 
the unlimited applications in which molded rubber now excels. 
Meeting functional specifications and multiple requirements beyond 
the limits of other materials, rubber gives the designer a welcome 
release from age-old restrictions. 

ACUSHNET has worked with many customers in the initial stages 
of their designs when the collective specialized knowledge of our 
laboratory and engineering staffs has aided in obtaining the most 
satisfactory material, mold design and price. Our laboratory fa- 

cilities are available to customers 
for the development of designs 
and compounds. 


PROCESS COMPANY 


New Bedford, Mass., U.S.A. 





Kit 


Address all communications to 762 Belleville Ave., New Bedford, Mass. 





} 
| 













on bar parallel to wheel spindle to 
transfer to lapping wheel. Tools to 
1.57 by 2.36 in. can be handled, 
Special attachments permit grind- 
ing and lapping of cutter heads, en- 
graving tools, round boring tools, 
and other special tools. Hauser Ma- 
chine Tool Corp., Manhasset, N. Y. 


PRESS: Capacity, 50 ton. Oil-hydrau- 


lic unit has 15-in. stroke, 24-in. 
daylight opening, 19% by 31-in. 
work surface. Approach of ram to 
work variable, can be preset at 
any speed to 290 in. per minute 
with pressing speeds up to 145 in. 
per minute. Approach and pressing 
speeds independently adjustable. 
Ram stroke, length and pressure 
can also be preset. Either pressure 
or distance reversal-control in- 
cluded. Optional equipment includes 
33-in. diameter hydraulic indexing 
table. The Denison Engineering 
Co., Columbus, O. 


SPECIAL DRILL: For drilling lighten- 


ing holes in large tractor crank- 
shafts. Handles parts 56 to 73 in. 
long. Workpiece clamped by manu- 
ally-controlled hydraulic mechan- 
ism, indexed through six stations 
at each of which two 11<-in. holes 
are drilled next to one of throws. 
Can use drills to 2 in. Drills driven 
at 50 fpm, with minimum infeed 
of 1 in. per minute. Snyder Tool 
é& Engineering Co., Detroit, Mich. 


CONTOUR GRINDER: Precision belt 


grinder attaches to drill press col- 
umn, swings out of way when not 
in use. Uses standard 2% by 60- 
in. belts, change of belt ratio or 
spindle speed provides range of 
7000 to 36,000 rpm (700 to 4500 
fpm). Interchangeable spindle at- 
tachment provides continuous roll 
form or cylindrical: grinding. Felt 
wheel blanks shaped to meet vary- 
ing requirements. George F. Grant 
Co. Inc., West Newton, Mass. 


BANDSAW: Throat capacity, 36 in., 


work height from 15% in. up. Uses 
standard saw blades to 1-in. width, 
uses automatic synchronized, hy- 
draulic, aircraft type brakes. Pow- 
ered by 10-hp motor with 3-speed 
transmission giving tool speed 
range of 40 to 10,000 fpm. Hydrau- 
lically-operated, 40 by 48-in. table 
supports one ton or more. Table 
slides on 28 rollers, has 36-in. 
stroke with 200 Ib feeding pressure 
available. Correct feed pressure 
automatically controlled by resist- 
ance of work. The DoAll Co., Des 
Plaines, Iil. 


UNIVERSAL HYDRAULIC GRINDER: 


Wheelhead swivels 180 degrees, 
mounts both internal and external 
spindles. Handles small, large and 
deep-hole internal work; straight 
shaft, long shaft, diameter, and 
shoulder external grinding. Fea- 
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tures internal spindle speeds from 
6000 to 35,000 rpm, all flange 
mounted spindles, sine bar for 
setting workhead on table swivel, 
double swivels on cross slide for 
two-angle internal and _ external 
grinding. Rivett Lathe & Grinder 
Inc., Boston, Mass. 

SPoT WELDER: Pedestal rocker arm 
welder for general use. Rated 5-kva, 
220-v, 60-cycle at 50 per cent duty 
cycle, can make welds in two sheets 
from 28 to 20-gage steel. Throat 
depth variable from 3 to 15 in. 
arm spacing adjusted by swiveling 
arms. Available with air or water 
cooled point holders. Universal 
Welder Corp., Cleveland, O. 

CUTTER AND TOOL GRINDER: Motor- 
driven power-feed machine will 
swing work to 12-in., diameter, 
takes 28 in. ‘between’ centers, 
has longitudinal table move- 
ment of 24-in. Table size, 6 by 42 
in. with single T-slot running length 
of table. Infinitely-adjustable pow- 
er-driven longitudinal table speeds 
between 4 and 100 in. per minute, 
Gallmeyer and _ Livingston Co., 
Grand Rapids, Mich. 

DIECASTING MACHINE: Capacity, 1 Ib. 

hg = Fully automatic high-speed machine 

X-2-B hard rubber in this tiny, intricate tube socket gave adjustable between 0 to 3000 shots 

a two-fold saving: Lower materials costs, and lower pro- per hour. Cycles entirely automatic, 


duction costs with olive-brown sheets that punch cleanly, or can be set to stop after one 
cycle. Opening and closing speeds 


assemble neatly. adjustable. DCMT Sales Corp., New 


This is just one of many thousands of electrical parts for which X-2-B York, N.Y. 
TUBE BENDING PRESS: Hydraulically 


sheets, rods and tubes have proven best, most economical. Just look at 

this unparalleled combination of sheet properties: ae & — Apes - 
per minute. Positive index stop for 

various degree bends. Knee width 

of 11 in. permits reverse bends 

5% in. apart. Overhanging ram per- 

mits bending over top of punch. 











Tensile strength 
| EES SEL Te Le ee eS 1.27 
Distortion temperature 


Dielectric strength, v/mil, $.t....................0.- -..cseeeeeceeeees 485 
Power factor, 1 KC Gibbons Machine Co., Tipp City, O. 


NES ee 4.0 PORTABLE ARC WELDER: Model 125A 
Surface resistance, 74° F., 90% RH......2.5 x 10° megohms for installation, construction and 


Water absorption, 48 hrs., RT 0.08 maintenance work. Has 16 heat 
stages from 20 to 125 amp, handles 


Other Ace hard rubber compounds offer strength to 9,700 psi, dielectric from ys-in. to sb-in. welding rod, 
strength to 613 v/mil, heat resistance to 300° F., water absorption as low welds iron, steel, brass, bronze and 
as 0.04, with complete facilities for design, molding, extruding, machining, other metals. Operating features in- 
finishing, etc. Also Ace plas.ics such as Parian (polyethylene), Saran, etc. Glade pulliive contre! with me — 

blow, no moving parts, low initial 


It’s a good idea to look into the 60-pg. Ace Hard and operating cost. Trindl Products 
Ltd., Chicago, Ill. 


Rubber and Plastics Handbook whenever you 
have a materials problem. Better still, phone ResstaNces Gror Waser: For spot 
‘ : ° . welding aluminum, magnesium, 
or write our Engineering Service Department. stainless steel, Inconel, Monel, 
brass, mild steel and other alloys. 
Send for free 60-page Ace Handbook =, ©) Machine converted to welding of 
—-a geld mine of helptul deta any of these materials, and various 
thicknesses, by change of control 
settings. Press type machine rated 
100 kva at 50 per cent duty cycle; 
standard throat depth, 36 in., other 
MERICAN HARD RUBBER COMPANY depths available. Welding range, 
0.022 to 0.156-in. on low carbon 
steel (two thicknesses), 0.025 to 
0.081-in. on aluminum and mag-. 














HARD RUBBER ond PLASTICS 





11 MERCER STREET © NEW YORK 13, N. Y. 
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FRACTIONAL HORSE POWER 





INTERNAL, 
HELICAL, SPUR 
ELLIPTICAL, BEVEL 
and WORM GEARS. 


WORMS, RATCHETS 
and SPROCKETS. 


PRECISION 
WITH 


nesium alloys. Welding current 
controlled by continuous wave al- 
tered to suit thickest or thinnest 
metals in welder’s range. Sciaky 
Bros., Chicago, Ill. 


HYDRAULIC PRESS: Capacity, 5000 ton, 


Originally designed for cold rubber- 
pad forming of sheet metal parts 
in airplane frame construction; now 
used to hot-forge tire retainer 
rings, axles and other parts for 
earth-moving equipment. Single- 
action press has pushbutton and 
sensitive manual control, is of four- 
column construction arranged for 
rapid advance to work. Quick-re- 
versal feature makes operating cy- 
cle desirable for hot forging work. 
Birdsboro Steel Foundry and Ma- 
chine Co., Birdsboro, Pa. 


CORE GRINDER: Dual type grinder has 


column, grinding wheel and drive 
shaft mounted on large, dust-proof 


ball bearings. Employs 42-in. wheel 
with 38-in. effective cutting diame- 
ter. Adjustable wheel arm swings 
in complete 360-degree arc with 
wheel height above table ranging 
from 15 to 42 in. Powered by 5-hp, 
900-rpm motor driving wheel at 
242 rpm. Milwaukee Foundry 
Equipment Div., Cleveland, O. 
FLASH WELDER CONTROL: Designed 
for conversion of mechanically- 
driven flash welders to hydraulic 
operation. For welders having 
transformer capacity to 500 kva. 
Fully hydraulic unit has calibrated 
adjustments permitting duplication 
of set-ups. Enables welding 40 to 
1 range of cross sectional areas, 
within physical and electrical ca- 
pacities of welder. Kingsley A. 
Doutt, Detroit, Mich. 


UNIVERSAL DRESSER: Capable of dress- 
ing complete form rather than A 
single radius and angle tangent, ‘ 
made possible through movements 
in column and base. Angles can be 
set with sine bare in addition to 
graduations. When goose neck is 
removed, may be used as revolving 
fixture for rolling of radii. All set- 
tings contain 0.200-in. step for set- 
tings starting from 0.0001-in. and 
up. Universal Form Tool Co., De- 
troit, Mich. 


TRANSMISSION CASE MACHINE: Auto- 
matically drills, chamfers, reams 
and taps 32 holes in ends, sides 
and tops of 85 automatic trans- 
missioin housings per hour at 100 
per cent efficiency. Operations on 
Transfer-matic machine conducted 
at 28 stations, parts moving auto- 

matically from one station to the 

EAGLE SIGNAL next. Machine requires one un- 

full story CORPORATION skilled operator. Cross Co., De- 

Zs troit, Mich. 

SPRING COILERS: Hand-operated ma- 

chine for making compression, ten- 


VOLUME PRODUCTION 
Send for Bulletin 


se, / (? 
XN yn eC orpora f ton 


30] MILLER ST. STERLING, ILLINOIS 











Starts from momentary 
elm aal-Tahe-Tlal-te i ell (oki 
switch 


4 load circuit combi- 
nations are built in. 
Solves those difficult 
jobs without using 
otelaalelitet: bite Moll gel ThE; 





. 

neres a wide selection of 
ilaallale Ma- Lule (-t Sm tulel oS t-te Maal-Tol se 
nism seals out trouble 


BULLETIN 120 


will give you the 
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There is a difference in bellows... 


however, is in the actual use of CMH bellows 
and we urge you to find out what a great 


difference there can be. 


Even though two supposedly identical 
bellows made by different magnfacturers may 
look alike, there can be a vast difference ... 
and this difference can have an important Whatever your bellows or bellows sssem- 
eRact om pent onan ane che pestomnanse: of bly requirements in stainless steel, brass or 
your product. The variation often results from other alloys, it will pay you to consider CMH. 
the core and chill with whkh the hetows For s ecifc recommendations send details 
are made. At CMH skilled personnel and P ean? 

, : of your application. 
advanced manufacturing techniques are com- 
bined to produce good bellows that outper- 
form and outlast ordinary bellows. The proof, 


a CHICAGO METAL HOSE Corporation 


CMH products that 
reg my rao 1339 S$. Third Avenue * Maywood, Illinois * Plants at Maywood, Elgin and Rock Falls, Ill. 
ee ee In Canada: Canadian Metal Hose Co., Ltd., Brampton, Ont. 


Illustrated above are %" CMH stainless steel 
bellows. 
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for dependable 


portability 


YOU'LL ALWAYS ROLL 
WITH “CARAVAN” 


CARAVAN units increase operating 
efficiency, reduce axle costs, and pro- 
vide dependable movability for all 
types of portable equipment. These 
durable axles are recommended for 
military and industrial as well as 
field-service and construction equip- 
ment such as concrete mixers, welding 
apparatus, drilling rigs, etc. 

Available in two-wheel, single-axle 
units as well as four-wheel automotive 
type running-gear, CARAVAN units 
are furnished in straight and drop 
types. CARAVAN four-wheel axles 
employ controlled camber, toe-in and 
caster, which facilitate positive trail 
at high speeds or over rough terrain. 
Axle beam construction is of solid 
square steel stock, and sized to in- 
dividual specifications. 

Featuring load capacities from 1,000 
to more than 12,000 pounds, CARA- 
VAN axles are available in a wide 
range of sizes and models to meet 
all requirements. 


Multicolored, 12-page, illu- 
strated Catalog No. 10! 
describes complete line of 
CARAVAN oxiles as well as 
CARAVAN surge-control 
braking device and CARA- 
VAN retractable third-wheel 
for use on two-wheel, single- 
axle units. Catalog includes | 
photographs, line drawings 
and complete specifications. 
Write today for your copy. 


| THE UNITED MFG. 
COMPANY 


114 W. INTERSTATE ST. « BEDFORD, OHIO 
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BATTERY-OPERATED ‘TRACTOR: 








sion and torsion springs in sample 
lots or in production runs to 500 
pieces. Set up time usually less 
than 5 minutes, capacity, 300 
springs per hour. Compression 
springs coiled with both ends 
closed or squared, to any pitch, 
and with up to 28 coils. Extension 
springs coiled tight or loose, with 
up to 100 coils. Torsion springs 
wound right or left hand with ex- 
tended arms to 3 in. on both ends. 
Max OD, %-in.; max overall 
lengths, 4 in., using wire diameters 
from 0.005 to 0.065-in. Includes 29 
arbors, 3 coiling points and wire 
cutter. Weight, 45 lb. The Carlson 
Co., New York, N. Y. 


Materials Handling 

Unit 
measures 44 in. long. Can be op- 
erated from any of three positions; 
operator facing away from load, 
facing load, or riding on step. Ca- 
pacity, 3000 and 5000 Ib; draw- 
bar pull, 500 to 800 Ib; no-load 
speed, 3.5 to 4 mph; full-load speed, 
2.5 to 3 mph; overall width, 30 
in. Market Forge Co., Everett, 
Mass. 


DIE HANDLER: For safe handling and 


inspection of dies. Handles dies to 
24 in. wide and 43 in. long, shut 
height from 9 to 14 in., weighing 
to 2000 lb. Upper platen has 20 by 
42-in. area, has vertical travel of 
16% in. Platen mounted on steel 
trunions, rotates 360 degrees by 
hand crank. Locking pin provided 
at 5 positions. Morley Machinery 
Corp., Rochester, N. Y. 


Plant Equipment 


HAMMER DRILLS: Electromagnetic 


Model 10-RO for high-speed drill- 
ing in concrete, brick and stone. 
Automatic rotation of carbide- 
tipped spiral drill accomplished by 
rubber ratchet mechanism actuated 
by each recoil blow. Blows per 
minute, 3600; weight, 11% Ib. Syn- 
tron Co., Homer City, Pa. 


INDUSTRIAL FLUID COOLERS: Accurate- 


ly control temperature of coolants 
such as honing, grinding and cut- 
ting oils, water, hydraulic oils and 
plating solutions used in industrial 
processes. Use air-cooled refrigera- 
tion cycle. Coils made from steel 
or copper tubing. Standard models 
handle most capacity and tempera- 
ture requirements, special models 
available in explosion-proof con- 
struction. Frostrode Div., Viking 
Products, Vicksburg, Mich. 


ROTARY BAG SEALER: Little Giant bag 


sealing machine has automatic con- 
trol of pressure, time and heat. 
Swivel-mounted head adjustable for 
sealing bags at any angle from 
vertical to horizontal. Can be fed 


pay LESS 
for 

precision eA 
metal parts a 


made by 
TORRINGTON 





Low cost for precision quality, fine 
finish, uniform heat treatment is as- 
sured by our high productive capacity 


and special equipment. 

Typical of a wide variety of parts 
are special rollers, shafts, studs, dowel 
pins made to order. Chamfer, radius, 
taper, hemispherical and other styles 
of ends. Rollers from .014” to .500” 
diameter. Centerless ground .040” to 
.500”; diameter tolerance +.0001”. 
Finish as fine as 3 micro-inches. Dowel 
pins from .0625” to .3125”. 

We are also set up to make such 
parts as surgical and dental instru- 
ments, pen and pencil barrels, solder- 
ing iron cases, special needles, instru- 
ment shafts and pivots, screw driver 
and ice pick blades, knurled mandrels 
or spindles, ete. 

Send your prints and specifications 
today for prompt quotation. 


THE TORRINGTON COMPANY 
Specialty Department 

553 Field Street * Torrington, Conn. 

Makers of 

| NEEDLE 
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OIL-HYDRAULIC PUMPS © VALVES © CYLINDERS 


Look te HYDRECO 
for ALL THREE!_ 





The HYDRECO Line Also Includes:—- 


COMBINATION UNITS 
in a wide range of capacities 


Pvt—Combination valve and 


AUXILIARY VALVES 


Relief, selector, check, 
cycling, unloading and 
sequence valves, also 
pressure and flow regu- 
lators and flow dividers.” 


tank units. with. ‘built- 
in pump. 

Tv —Combinations of valves 
and reservoirs in vari- 
Ous sizes. 

Py —Pump and valve units 


for special applications. 


et SY ID) IR Js C OC 
|= 29), 0.00) Onmm LO) i i -(@) Oamn B) 2018 [Os 2 


PUMPS-CYLINDERS:VALVES 
3 HYDRAULIC EQUIPMENT COMPANY THE MARK OF QUALITY 
1106 EAST 222ND STREET @ CLEVELAND 17, OHIO 
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Send for Bulletin 101 showing complete 
line of gear pumps, control valves, auxiliary 
valves, cylinder assemblies and combination 
pump-valve-tank units. 


Write to 





CUM 





CYLINDERS 


IMPROVE THE JOB 





Their Uses, Features, 
Selection, Mounting, 
and Application 


Discussed in 
New Bulletin 
500 










Wherever 
you have 
to push or 
pull, lift or 
lower, press 
or squeeze, 
tilt or turn, 







| 


| 
| 
| 





from right or left to suit feeding 
operation by reversing direction of 
motor rotation. Equipped with fold- 
over blade for folding bag _ tops. 
Amsco Packaging Machinery Inc., 
Long Island City, N. Y. 


GAS GENERATOR: Monogas generator 


for protective atmosphere work. 
Available in sizes ranging from 
500 to 15,000 cfh. Produces non- 
decarburizing neutral atmosphere 
consisting essentially of nitrogen 
with low hydrogen and carbon con- 
tent, with carbon dioxide, oxygen 
and water removed. Includes gen- 
erator and scrubber in one unit. 
Westinghouse Electric Corp., Pitts- 
burgh, Pa. 


PAINT HEATER: Supplies 24 to 28 


gph of paint for installations using 
two or more spray guns. Heats 
paint to 160-200 F within 15 min- 
utes. Consists of two heating units 
mounted on common base with cir- 
culating arrangement. Paint drawn 
directly from original container 
without use of pressure tank. Paint 
temperature and pressure accurate- 
ly controlled. Bede Products Inc., 
Cleveland, O. 


GAS COMPRESSOR: For compressing 


natural gas or for use in liquefied 
petroleum industry. Powered by 
Lorain Model A multifuel engine, 


CATALYTIC EXHAUST: 


SPRAY GUN PUMPS: 


with single-stage compressor driv- 
en through overhung crankshaft 
giving 9-in. compressor stroke from 
13-in. engine stroke. Compressor 
cylinder has bottom discharge to 
prevent accumulation of gas con- 
densates, is equipped with force- 
feed lubrication. White-Roth Ma- 
chine Corp., Lorain, O. 

Renders ex- 
haust gases nonpoisonous and odor- 
less. Adaptable to any type lift or 
fork truck in place of standard 
muffler. Weight, 25 to 30 Ib. Im- 
poses no additional back pressure 
on engine; catalyst should be re- 
placed after 3000 hrs operation for 
max efficiency. Operates only on 
unleaded gas. Oxy-Catalyst Manu- 
facturing Co. Inc., Wayne, Pa. 
Air-operated, 
high-volume materials handling 
pumps for supplying industrial ma- 
terials through hoses for spray 
gun, pole gun or extrusion gun ap- 
plication. Pumps operate on pres- 
sures from 20 to 175 psi, weigh 
35 Ib. Include Evenflo device to 
eliminate spurting. Gray Co. Inc., 
Graco Square, Minneapolis, Minn. 


Processing 


TUMBLING MACHINE: Increased ca- 


pacity for grinding, deburring and 
finishing metal parts. Requires 64 





5 
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open or close. HALLOWELL Solid Stee! Collars, functionally proportioned throughout 
. « « precision-machined so faces run perfectly true . . . are beavti- 
fully polished all over . . . yet they cost less than common cast iron 
collars. 3” bore and smaller are made from Solid Bar Stock. To 
make sure the collar won't shift on the shaft, they are fitted with the 
famous UNBRAKO Knurled Point Self-Locking Socket Set Screw—the set 
screw that won't shake loose when once tightened. HALLOWELL .. . 
a “buy word"’ in shaft collars . . . available in a full range of sizes 


for 







Ledeen 
cylinders are 
good cylinders! 


Ledeen Mfg. 3 





IMMEDIATE DELIVERY 


Write for name and address of your nearest HALLOWELL and 
UNBRAKO Industrial Distributors. 


OVER 48 YEARS IN BUSINESS 


1606 S. San Pedro 
Los Angeles 15, Calif 








Bs STANDARD PRESSED STEEL CO. 
. JENKINTOWN 18, PENNSYLVANIA 
' 
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— Cold- Formed 

















This cold-formed shape is a track section, used to guide the rollers of lift-type garage 
doors. We make it on a rolling machine, using strip steel, and furnish it cut to length. 
The customer gives it farther processing, and supplies it as a regular part of his 
garage-door hardware. The sturdy shape proves economical, because it is light in 
weight, and is easy to install. Moreover, it is capable of providing years of trouble- 
free service. 

Track sections for garage doors are but one example from the scores of ways 
in which manufacturers are using Bethlehem Cold-Formed Shapes. These economical 
shapes cover virtually everything from roof-slab supports to pallet racks for ware- 
houses . . . from parts for ornamental railings to frames for house trailers. The list 
of uses is long, and hardly a day goes by but that someone, somewhere, thinks up 
a new, practical application for these versatile shapes. 

Bethlehem Cold-Formed Shapes are made from strip, sheet or plate steel, in all 
gages from 7 to 20, inclusive. They are uniform in thickness, and their surface is 
relatively free from scale. They have an ideal strength-to-weight ratio. 

There’s a good chance that somewhere in your shop a Bethlehem Cold-Formed 
Shape could do the job better, and perhaps more economically, than the material 
you are now using. We’ll be glad to look into it with you. Give us a call at any time 
—either at the nearest Bethlehem sales office, or at Bethlehem, Pa. 





BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 
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a metal ball 
PROBLEM? 


e sd 


Let STROM 
Work It Out For You 


Whether it is a pre- 

cision ball bearing 

or one of the other 
many ball applications in in- 
dustry, your problem will not be 
entirely new. Strom has been in 
on many ball problems and 
knows the importance of the 
right ball for the job. 

Strom has been making pre- 
cision metal balls for over 25 
years for all industry and can be 
a big help to you in selecting the 
right ball for any of your require- 
ments. In size and spherical 
accuracy, perfection of surface, 
uniformity, and dependable 
physical quality, there’s not a 
better ball made. 


et Mae £4 
gest Independent and Exclusive 
Metal Ball Manufacturer 
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by 68-in. floor area; two 24 by 
40-in. ID compartments handle 30 
per cent larger work load than 
comparable machines occupying 
same floor space. Compartments 
furnished with %-in. plate unlined 
or %4-in. plate rubber lined. Mag- 
netic brake included on 220/440-v, 
5-hp motor. Grav-i-Flo Corp., Stur- 
gis, Mich. 


BREAD MIXER: Horizontal, high-speed 


dough mixing and kneading ma- 
chine. Redesigned model includes 
addition of access doors to front 
and sides for easier maintenance 
and increased sanitation. Double- 
end agitator drive reduces vibra- 
tion in machine. Stainless steel 
clad bowl sheets standard equip- 
ment, stainless agitator equipment 
optional. Agitator consists of three 
freely rotating bars that knead and 
mix dough. American Machine & 
Foundry Co., New York, N. Y. 


IMPREGNATING EQUIPMENT: For seal- 


ing pressure castings rejected be- 
cause of porosity. Seals all ferrous 
and nonferrous metals before or 
after machining. After part has 
been washed in cold water, no 
evidence of impregnation remains 
except that it is pressure tight. 
Sealant is noninflammable, nontox- 
ic, will not harm’ the skin. For 
small parts and castings. Tincher 
Products Co., Sycamore, Ill. 


PLATING EQUIPMENT: For economical 


hard-chrome plating of industrial 
parts or surfaces up to 10 sq in. 
at recommended current density of 
2 amp per sq in. Compact, portable 
unit powered by dry disk, power- 
pack selinium rectifier, is complete 
with plating bath tank, rheostat, 
timer, ammeter, and_ reversing 
switch for stripping action. Hard 
chrome deposition can be controlled 
to tolerances of less than 0.0001- 
in. Ward Leonard Electric Co., In- 
dustrial Chrome Div., Mount Ver- 
non, N. Y. 


Testing and Inspection 


DUCTILITY TESTING MACHINE: To de- 


tect surface and subsurface flaws 
in deep-drawing steel over com- 
paratively large area. Employs 5- 
in. diameter penetrator. Machine 
is motorized, hydraulically. op- 
erated, provides separate controls 
for clamping and penetrating pres- 
sures. Penetrating pressure, to 
150,000 Ib; clamping pressure, to 
100,000 Ib. Equipped with set of 
three dies for testing materials to 
\%-in. thick. Short %-in. diameter 
penetrator on top of large pene- 
trator provides comparison with 
standard ductility tests. Steel City 
Testing Machines Inc., Detroit, 
Mich. 


engineers at 
HARRIS-SEYBOLD | 
chose GAST | 
AIR PUMPS | 
for three | 
OFFSET PRESSES 


BEFORE 

ADOPTING 

GAST UNITS, 

Harris-Seybold engineers put these 
rotary Air Pumps through their 
paces! In the factory, and in actual 
press rooms, careful checks were 
made on performance, construction, 
and dependability. And Gast Air 
Pumps proved their merits! 


As a result, they are now standard 
equipment on 3 Harris-Seybold 
models, including their 22 x 34 two- 
color offset press. 


Yes, there’s a trend to Gast Air 
Pumps for presses and printing 
equipment . . . and for scores of 
other applications where trouble- 
free performance is vital. Write, 
describing your original equipment 
problem.”Air may be your Answer!” 


Have you seen Gast Ap- 
plication Ideas booklet, 
showing 26 product prob- 
lems and solutions? Sent 


on request. 


Original Equipment Manufacturers for 
Over 25 Years 


Y ROTURY 
AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO THREE HP.) (TO 30 185.) (to 28 smcHrs) 
GAST MANUFACTURING CORP, 107 Hinkley St, Benton Harber, Mich 


MACHINE DesIGN—January, 1951 





